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Preface 


Ars TOWARD the purposes of instruction in our 
elementary and secondary schools have undergone a series of 
changes during the present century, sometimes swift, other times 
scarcely perceptible except after a span of years. Early in this 
period the schools were characterized by a dogged insistence 
upon rote memorization of textbooks and factual lists often of 
great length which possessed little meaning for the pupil who 
was required to master them. Dominated as the schools were by 
faculty psychology, such an approach to instruction is not diffi- 
cult to understand. The benefits of learning were to be found in 
the increased powers of the mind, which were believed to profit 
directly and automatically from disciplined study. The youth 
who devoted his intellectual energies to the thoughtful, logical 
analysis of mathematics was to be recompensed, not principally 
by his increased understanding of mathematics, but by improve- 
ment in faculties for clear thinking. 

For many reasons, not all of which are known even today, 
and which in any event cannot be related here, the curriculum 
and goals and methods of instruction changed drastically in the 
aftermath of World War I. New emphasis was placed upon the 
development of educational tasks that were more consistent both 
with our growing knowledge about child development and with 
the spirit of a democratic society. One aspect of this “new edu- 
cation” was a heightened concern with modifying instruction in 
ways that are consistent with the development of pupils’ intel- 
lectual abilities, foremost among which was problem-solving 
skill. There seem to be at least two central generalizations which 
were of consequence. One was a reaction against the long en- 
trenched faculty psychology with its implications of “automatic 
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transfer” of learning; the other was advancing awareness among 
educators that our society was in the midst of an age of change. 
Today's knowledge might be obsolete before it appeared in to- 
morrow’s textbooks. The best service the school could render its 
students was not to communicate facts and information that 
would probably be outmoded before the pupil could apply it in 
his own life, but rather to develop with students general pro- 
cedures that hopefully would be applicable to a broad range of 
problems confronting the average citizen. There was perhaps in 
all of this an unfortunate discounting of the role of knowledge 
in problem solving and a failure to understand that new knowl- 
edge is in most cases more readily acquired, retained, and ap- 
plied by the person who has a thorough foundation of knowledge 
in any field of intellectual endeavor. 

This brief text rests on the assumption that one of the teach- 
er's principal functions and responsibilities is to guide his stu- 
dents in the intelligent application of knowledge to problems in 
the world of ideas. It assumes also, however, that this can be 
done only as students develop, by means of careful teaching and 
intensive independent study, clear, working conceptions of the 
facts, principles, and generalizations that hold together any body 
of knowledge about which they are asked to deal with problems. 

Problem solving is not a method of teaching. It is a general 
attitude, a disposition toward inquiry which has as its goals the 
development of new ideas based upon older ones and the seeing 
of intellectual light where darkness lay before. 

This book is for teachers. Its aim is to develop an apprecia- 
tion of the centrality of problem solving in the instructional 
process and to provide what I hope its readers will regard as 
practical suggestions to implement problem solving in the class- 
room. 

B. B. H. 


Contents 


CHAPTER PAGE 


1 Problem Solving as an Instructional 


“Objective tet. E EE ree 1 

The Pupil as a Problem Solver ......... 9 
8 The Teacher and Problem Solving: 

Classroom Management ............... 21 
4 The Teacher and Problem Solving: 

Classroom Instruction ................. 36 
5 The Evaluation of Problem-Solving Skill: 

A Matter of Transfer .................. 49 


6 Principles for Promoting Problem-Solving 
Behavior in the Classroom ............. 67 


Problem Solving as an 
Instructional Objective 


JEN GREATEST EXPENDITURE Of intellectual energy in 
teaching, if teaching is to be effective and is to make a signifi- 
cant difference in the lives of boys and girls, is probably allocated 
to preparation for the task of teaching itself. This preparation, 
or the development of strategy for teaching, includes as an es- 
sential element the specification of the teachers instructional 
goals or objectives. Within limits, the teacher will accomplish 
with his pupils what he sets out to accomplish. Without goals 
which are susceptible of being stated in behavioral terms, and 
therefore capable of implementation, the teacher achieves little 
of moment. 

An objective in teaching, as in business, athletics, the mili- 
tary, or elsewhere, is instrumental in shaping the activities of 
the teacher and of his pupils. It suggests that one body of sub- 
ject matter is more suitable than another at a given time, it 
tends to dictate the kind of organization and presentation that 
is advisable, and it provides some direction for evaluating the 
learning that has occurred as a result of the activity of teaching. 

The teacher who holds the development of problem-solving 
skill as an important instructional objective will behave differ- 
ently than a teacher who does not have a similar goal. It is 
to these differences and the consequences for pupil learning of 
problem-solving behaviors that this book is primarily addressed. 


NATURE OF PROBLEMS 


A problem, in the sense in which we will use the term, can be 
said to exist when the learner’s previous knowledge or patterns 
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of behavior are insufficient or inappropriate to enable him to 
provide an acceptable solution. In such a case, solution becomes 
possible only as he acquires new knowledge or capitalizes upon 
relationships which have not been seen before. 

A well-known experiment from psychology will illustrate the 
definition. Years ago Köhler studied the reasoning behavior of 
chimpanzees. One of his tasks involved placing fruit at a care- 
fully determined distance from the animal's cage. The distance 
was great enough that, stretch as he might, the food eluded 
the animal’s grasp. Inside the cage, also by design, were two 
bamboo poles well within the animal's perceptual range, He 
had previously had experience using such a pole to rake in 
food beyond arm’s length, but in this situation, a single pole was 
too short to reach the goal. Even when this behavior was obvi- 
ously to no avail, it persisted for some time. At great length, 
and after considerable unproductive behavior, the second pole 
was seized, and ultimately the chimpanzee discovered that the 
two could be fastened together (they were especially selected 
for that purpose) into a single pole which could be used to at- 
tain the goal object. The problem was solved. 

Let us review the problem-solving effort because it contains 
the important elements of most problems with which we have 
to deal, and also because in it we find the germ of most of 
the topics about which we shall talk subsequently in greater 
detail. 

l. The existence of a problem was recognized. The animal 
wanted food, was motivated to obtain food; from his behavior 
we might infer that a drive was present which could be reduced 
by solving his problem (that is, obtaining the food). The im- 
portant fact is that the animal behaved, and behaved in ways 
which, over the course of observation, could be said to be in- 
telligent. His behavior, by and large, was directed toward the 
means of achieving the goal. 

2. Previously learned behavior patterns constituted a neces- 
sary but insufficient condition for goal acquisition. The ape was 
not a novice at locating food. He had had opportunities be- 
fore, had learned from experience, to reach unaided for food 
or to utilize a pole as a rake. Behaviors of this order approxi- 
mated the final solution but did not by themselves render it 
possible. 
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3. The demands of the problem suggested the general di- 
„mensions of the solution. In the final analysis, the missing link 
between the animal’s accustomed behavior and his goal was re- 
duced to a matter of length. One pole was insufficient, but it 
moved him closer to the goal. What remained to be discovered 
was some means of further extending his reach. 

4. The required properties for solution were available. Two 
poles, very similar in appearance and function, were visually 
prominent. With a bit of imagination one can almost hear the ani- 
mal ruminating as he eyed the two of them side by side, “There's 
a ‘not long enough’ lying beside another ‘not long enough.’ But 
they are together, and perhaps they'll make a ‘long enough.’” 
There are two points to be made: (1) the animal had to dis- 
cover a new relationship—fitting the poles together, and (2) this 
discovery was aided by the juxtaposition of the poles. The two 
obviously had to be physically present to make any solution pos- 
sible, but their relationship to each other was equally significant 
in maximizing their psychological presence. 


PROBLEM-SOLVING PROCESSES 


It is difficult to separate the problem situation itself totally 
from the processes which function in solution, but we shall at- 
tempt to do so in order to highlight both aspects of the proce- 
dure. The reader will do well to bear in mind that the nature 
of the task or problem influences the specific behavior of the 
learner. Conceptually, the processes utilized in solving discrimi- 
nably different problems may be highly similar, although their 
similarities may be obscured in observing the behavior of indi- 
viduals engaged in solving problems in various subject matter 
areas. 

We shall take our first look at the process of problem solv- 
ing by focusing upon the behavior of Sultan (one of Köhler’s 
chimpanzees) as he attempted to secure the far-removed ba- 
nana. : 

1. The learner's behavior was goal-directed. A real problem 
existed for Sultan. He was hungry, but he had no direct means 
of obtaining food. Its lure was sufficiently strong to keep him 
occupied for long periods of time as he sought a means of secur- 
ing the fruit. In the typical classroom it is not possible to capi- 
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talize upon drives as powerful as those for food or water. But 
the teacher will wish to construct problems in which the pupil 
sees some purpose for concentrating his energy. The teacher 
may wish to pose problems which are relevant to the everyday 
lives of pupils, although this is not requisite. Problems in many 
academic areas possess high degrees of intrinsic interest, al 
though characterized only infrequently or incidentally by im- 
mediate applicability to real situations. The important thing to 
consider is whether the problem is sensible to the pupil and 
worthy of his attention apart from a desire simply to please the 
teacher or to do what is expected of him. 

Wertheimer (1959) illustrated this point with the story of a 
nine-year-old schoolgirl who was experiencing great difficulty 
with her studies, and who had been recommended for place- 
ment in a home for children of low intelligence. The parents 
asked Wertheimer to examine the child. He posed problems 
for the girl which called for arithmetic skills similar to those 
which she had failed on the intelligence test, and some which 
were more difficult, but he set the problems in the context of 
concrete, practical situations. The little girl solved the prob- 
lems easily and with little hesitation. They made sense, and im- 
portant consequences (as far as she was concerned) hinged 
upon finding adequate solutions. 

2. The process was characterized by uneven advances 
toward solution. It would be naïve to assume that progress to- 
ward the goal was accomplished in a series of unbroken steps. 
Sultan tried to prod the banana with one pole. When that failed, 
he abandoned the first stick and tried the second one, Periodi- 
cally, he appeared to relinquish the task altogether, although he 
later returned to it. The first success in fastening the two poles 
together seems to have occurred accidentally (by trial and er- 
ror), but the fact that it occurred only after a great deal of 
playful manipulation suggests that this success was not altogether 
inadvertent, 

3. Solution occurred only after a new relationship was devel- 
oped between the two available bamboo poles. Often in prob- 
lem solving all the necessary facts or materials are known or 
otherwise present in the environment, but relationships among 
them which are instrumental in producing solutions are not im- 
mediately apparent. 
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4. The response to the problem was reinforced. When an indi- 
vidual behaves, consequences ordinarily ensue. If these conse- 
quences are satisfying in some way we say that the response has 
been reinforced. Much theory and research in psychology deals 
with the role of reinforcement in learning. Essentially what oc- 
curs is as follows: the individual responds to a situation in some 
manner which achieves his goal or leads toward it. When a simi- 
lar situation arises in the future, the individual will be likely to 
respond in a manner similar to the one which was initially rein- 
forced, Sultan’s solution of fitting the two poles together was 
reinforced by his subsequent success in procuring food with his 
new implement. 


THE TEACHER'S ROLE 


In the final section of this introductory chapter we shall 
suggest some of the critical functions performed by the teacher 
who is trying to promote problem solving in his classroom. The 
reader will do well to note these functions carefully, for we 
shall return to them under various guises in several of the later 
chapters. 

1. The teacher supervises the selection of pupils’ problems. 
Teachers often originate problems for students, of course. Text- 
books and workbooks, particularly in mathematics and the 
physical sciences, are replete with exercises and demonstrations 
which meet our criteria for a problem. There are several. obvious 
advantages in using such materials if they are wisely selected. 
First, a great deal of time and effort are needed to construct 
problems of significant value. If such problems, carefully formu- 
lated and relevant to the purposes of the teacher and his pupils, 
are easily available, their use is certainly warranted. It is only 
when the instructional objectives of the teacher are relegated 
to a secondary role, while text exercises, relevant or otherwise, 
dictate the pupils’ learning activities that we question whether the 
tail is wagging the dog. Second, such problems are usually con- 
structed to demand application of recently learned principles. 
There is reasonable assurance that most such problems, if intro- 
duced at the proper time, will be within the range of the nor- 
mally able student. 

Frequently, however, the teacher requires pupils to develop 
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and solve problems of their own as part of a general assignment. 
This is probably done more often by upper elementary and sec- 
ondary teachers than by teachers in the primary grades. Re- 
ports, projects, and many other activities which are normally 
employed as part of a unit of study lend themselves to such 
problem-solving tasks. The teacher must be in a position to ex- 
amine the work being undertaken by each pupil with two chief 
criteria in mind: (1) is the activity selected, indeed, a prob- 
lem, that is, one that requires some original thinking on the part 
of the pupil, and (2) is the problem chosen one that can reason- 
ably be handled under the practical limitations that exist? An 
inexperienced pupil may select a problem with more enthusiasm 
than wisdom. It is fruitless to begin a task which so far sur- 
passes the pupil’s ability, or demands so much higher a level of 
knowledge or technical skill than he possesses or can acquire in 
a reasonable period of time, or which requires space, time, and 
equipment that the teacher cannot provide, as to preclude any 
possibility of real success. 

2. The teacher provides guidance. If the teacher fulfills his 
first function of helping students select appropriate problems, 
most of the effort required to solve them should come from the 
pupil. But there are times when the teacher must play a more 
active role. Sometimes this may consist principally of serving 
as a listening post as the pupil explores alternatives. Most of us 
know the potential value for seeing new paths to a goal as we 
are forced to organize our thoughts, and as we present argu- 
ments and alternatives in order to explain the problem to some- 
one else. 

The teacher must also assess carefully when it will be pro- 
ductive to instruct the pupil with a vital cue. When Kohler’s 
chimpanzee was making little progress toward his goal, the psy- 
chologist seized one of the poles and inserted his finger in it 
in an attempt to demonstrate the principle which Sultan 
needed to apply to his task. Wertheimer, while investigating 
the thinking processes of children who were trying to find the 
area of a parallelogram, frequently encouraged them to focus on 
the specific difficulty of the problem by asking them to tell him 
what it was about the figure that disturbed them. Solution usu- 
ally followed once the child understood that the parallelogram 
could be reconstructed as a rectangle. 
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3. The teacher develops general problem-solving skills. Prob- 
lems are not frequently solved by accident. More often success- 
ful solutions ensue from carefully directed thinking. As the 
teacher encourages pupils to look for and to solve problems, he 
must also give thought to teaching general skills which are use- 
ful for this purpose. Salient among these are principles for ana- 
lyzing a problem to determine its requisites, to select from 
previous learning those facts or generalizations which are most 
likely to be applicable, and means for evaluating the adequacy 
of a solution—for knowing when a problem is effectively solved. 

4. The teacher reinforces problem-solving behavior. The im- 
plications of this dictum are far ranging. They include, but are 
not restricted to, specific reinforcers, such as a corrected set of 
problems or a nod or word of acknowledgment by the teacher. 
In short, if pupils are to take problem solving seriously, so must 
the teacher. The teacher must show by his own behavior that 
the gains in skill in thinking which can result from problem 
solving are worth both the time and effort required to achieve 
them. A pupil will not be long deceived by a teacher who gives 
lip service to problem solving, but who in fact demands prompt, 
precise “textbook” answers to questions. The difficulties associ- 
ated with classroom management are likely to be increased by 
problem-solving activities. They involve considerable independ- 
ence on the part of pupils. The teacher may shortly find that 
not all of his pupils are engaged on the same tasks simultane- 
ously. Conferences between the teacher and individuals or small 
groups of pupils may take the place of large group instruction 
at some times. Obviously, the teacher who uses such practices 
in his classroom must have confidence that pupils are using their 
time to good advantage—neither wasting it for lack of appro- 
priate skills, nor squandering it on the pursuit of worthless 
activities, Certainly not all classes inspire such confidence in the 
teacher at the beginning of the school year, and some, despite 
his best efforts, never will. 

In this chapter we have emphasized the influence on class- 
room activities which is exerted by the teacher's instructional 
objectives, and we have suggested the development of problem- 
solving ability as a goal of central importance. By reference to 
an easily understood illustration from the work of Köhler, we 
have tried to make clear the essential elements of a problem 
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situation, to identify some of the more general features of the 
processes involved in problem solving, and to indicate the major 
kinds of responsibilities imposed upon the teacher who wishes 
to work toward such an objective. 

The ensuing chapters are intended to extend and elaborate 
upon the themes introduced here. 
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The Pupil as a Problem Solver 


Bers EXHIBIT a wide range of individual differences 
in their ability to solve school-type problems. This chapter is 
concerned principally with a specification of the nature of such 
differences. We will focus upon such topics as factors which are 
important in problem solving and characteristics which differen- 
tiate good and poor problem solvers. This attempt at specification 
will necessarily lead us to an elaboration of the process of prob- 
lem solving which we began in the introductory chapter. While 
the chapter heavily emphasizes the nature of individual differ- 
ences in ability to work effectively with problem situations, it 
also serves to sketch in the background for the three following 
chapters which are oriented to the problems of classroom teach- 
ing. 

One of the most interesting and at least potentially fruitful 
lines of attack aimed at increasing our understanding of human 
thinking is to be found in the work of psychologists engaged in 
the simulation of problem solving. Newell, Shaw, and Simon 
(1963), for example, have developed an abstract model of prob- 
lem-solving behavior in which a distinction is made between 
processes which propose solutions to problems and those which 
are useful in verifying solutions. Their work draws attention to 
the significance of steps in problem solving which reduce the 
range of alternatives from which the solver has to choose at each 
point. The heuristic they employ involves making the present 
state of the problem at each step more similar to the finished or 
required state than it was before. They have developed a gen- 
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eral problem-solving program that they believe is probably appli- 
cable to the solution of a wide range of mathematical problems. 
This program has three types of goals: (1) change the original 
expression to the desired expression; (2) reduce the difference 
between the original and the desired expressions; and (3) apply 
an operator (a rule for changing an expression) to the original 
expression, 2 

The work on computer simulation of problem solving is 
much too technical for us to deal with here in much detail. 
Two points about these efforts, however, seem to be worth mak- 
ing. First, they provide good demonstrations that human thought 
processes are susceptible to systematic analysis. Second, they 
emphasize the fact that effective problem solving is directed at 
changing the “givens” of the situation, perhaps through a long 
series of successive steps, to conform to the goal state or solution. 

Duncker (1945) made these same points in what was perhaps 
a less precise way. He posed a problem to a subject and asked 
the subject to talk about his thought processes as he attempted 
to solve the problem. When necessary, Duncker would call the 
subject's attention to the fact that he was departing dramatically 
from the demands of the problem and would try to put him back 
on the right track. This kind of clinical analysis of thinking yields 
certain kinds of information about human thinking that are dif- 
ficult or impossible to acquire in more formal experimental set- 
tings. The technique would seem to be useful, also, for classroom 
teachers who are interested in the individual diagnosis of pu- 
pils’ problem-solving difficulties. 

Probably the best known of Duncker’s problems is the seh 
called “ray problem.” The subject is informed that a patient is 
suffering from an inoperable stomach tumor. A ray is available, 
however, which at sufficient intensity will destroy human tissue. 
The problem is to find a way to use the ray so that it destroys 
the diseased tissue without damaging healthy tissue. F ok 
Duncker, the essence of problem solving lies in the subject's 
ability to conceptualize the “gap” between the given state and 
the goal state. When this gap is seen clearly, problem solving be- 
comes a matter of changing the given situation in ways which 
fit the requirements of the goal state. 

One of the persistent difficulties encountered by poor prob- 
lem solvers is their inability to work within the limitations im- 


| 


THE PUPIL AS A PROBLEM SOLVER 11 


posed by the problem situation. The ray problem, for example, 
makes it quite clear that the patient's tumor is inoperable. The 
subject must assume the validity of that assertion if he is to 
make progress toward the solution. Any suggestion which has to 
do with somehow pushing or cutting the patient's healthy tissue 
away from the tumor so that the ray can be directed at the tumor 
constitutes a dead end. In the same way, the solutions offered 
by some subjects to funnel the ray to the tumor through an aper- 
ture in the body are unacceptable. 

When the subject behaves in terms of the demands of the 
problem situation, it becomes apparent that the ray must be ad- 
ministered externally, that is, that it will have to pass through 
the unaffected portions of the body as well as through the tumor 
itself. This requirement ultimately leads the solver to the recog- 
nition that somehow the intensity of the ray at various points 
within the body must be altered. What then remains to be ac- 
complished is a practical solution to the problem, that is, how 
can one predictably change the ray’s intensity in the way de- 
sired? The preferred solution is to project the ray through a 
lens in such a way that it is diffused both before and after it 
reaches the diseased tissue but focuses precisely upon the tumor. 


CHARACTERISTICS oF GooD AND Poor 
PROBLEM SOLVERS 


The product of efforts at solving a problem ma 
about the pupil's cognitive operations. To commu 
pupil only that his answer to a problem is inaccurate or inappro- 
priate is not of much use to him for altering his behavior, except 
in a very general sense. That information may encourage him to 
review his procedures and perhaps discover his own error, but it 
Provides him with no guidance concerning either the magnitude 
of his mistakes nor the place at which they may have occurred. 
Similarly, the teacher’s understanding of why pupils fail to solve 
Problems successfully is not much advanced if only the end 
products of problem-solving activity are considered. Directions 
which many teachers give to their pupils to “show your work 
or to “explain why you chose” a particular alternative seem well 
advised. Such explanations provide the teacher with informa- 
tion which bears directly upon the pupils’ processes of thinking 


y reveal little 
nicate to the 
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Some years ago Bloom and Broder (1950) examined the 
problem-solving processes of two groups of college students. The 
students were differentiated on the grounds of academic apti- 
tude test scores and college grades. One of the groups was com- 
posed of students who had high aptitude scores, and who had 
earned grades of A and B in their courses. The other group was 
characterized by low test scores and course achievement in the 
D and F range. 

Each of the students was given a variety of problems to 
solve. These problems were taken from academic achievement 
examinations. The students were examined individually by one 
of the experimenters. Seated in a private room with only the ex- 
perimenter present, the student was confronted with a problem 
that he was asked to solve. In addition to providing a solution 
to the problem, the student was also requested to talk aloud 
about his thoughts during the problem-solving session. The pro- 
tocols that resulted from these sessions provided Bloom and 
Broder with the raw material to undertake a systematic analy- 
sis of the processes of problem solving, as well as aiding them to 
define and classify the similarities and differences in behavior 
between good and poor problem solvers, 

To clarify the procedure employed by Bloom and Broder, one 
of their problems and the responses of several students to it are 
reproduced below. It should be noted that the protocols for in- 
dividual students are virtually verbatim statements of what the 
students verbalized as they engaged in the problem-solving proc- 
ess. Undoubtedly, the students did not speak every word that 


crossed their minds during that time, because of lack of experi- 
ence with the method or their 


nicating to a stran 
do tend to suggest 


engaged in solving a problem, and they emphasize the back and 
forth flow of ideas, as 


self-consciousness about commu- 


among the protoc 
statements are ro 
We follow the pr 
sion of their salient characteristics, 
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PROBLEM | * : 
Rank the following life forms in the order of their appearance in 
the geologic record. Blacken the answer space A for the one that 
appeared first, etc. 


81. Mammals [E = i (m l 
82. Sponges [ 

83. Amphibians EBAT O oO 
84. Fishes a io O 
85. Flowering plants mj a) (eo) 


Pauline M. (Score 0): [Read the directions—laughed.] “Some- 
thing I don’t know anything about—guess on all problem, san 
plants would be first-don’t know what the sponges are since a 
don’t know sponges—would probably get them all mixed up nig t 
say sponges second, only guessing—say amphibians—last, I believe, 
‘mammals and fishes—all guesswork, though.” s Sii 

Mary W. (Score 1): [Read the directions.] “Not quite ai J 
read the right thing, so reread the directions—don’t adenan k 
Tm to pick one of each of these for A or if A for the first an i 
for the second, and so on—haven’t had biological ac 2 
just venture a guess—undoubtedly wrong—not mammals, or fishes 
don’t know amphibians-—if that’s what it is—say enny, meny; mny 
mo—and sponges—82 for A—assume if in front A, B, C, D, T 
them in order—don’t know exactly what to do with the ones 
over,” a 5 

Val H. (Score 0): [Read the directions.] “A ee 
next, D-the period most recently—first 85—recall from hio ogy, 
answer A—then 82 would be B—then not sure of am hibians or 
fishes—there were primitive fishes, but—say fishes third, then am 
Phibians D, and then 81 E for I think they are most recent. Ba 

David F. (Score 1): “Rank. [Read the directions.] Does S 
mean phylogenetic tree—I know the phylogenetic tree besni ae 
the geologic record—mammals late in the animal kingdom— o gr 
mg plants late in the plant kingdom—sponges is the, ari i 
check—mammals after sponges, sponges efore amphibians, a 
puibiens before fishes, fishes before flowering plants, spong 

ekore all of them, so sponges first.” £ 

_ Ned M. (Score 2): FRead the statement. Read the rier 
™ispronouncing “amphibians.”] “Mammals last and fis e aekin 
no, mammals last—no, my biology course in the ninth gras af aaa 
mals, no flowering plants last because had cavemen an ar a 
When only had ferns—third, phyla, and flowering plants in a 
° Benjamin S. Bloom and Lois J. Broder, Problem-Solving Pı see 
College Students: An Exploratory Investigation, Supplementary Hence i 
Tonographs, No. 73 (Chicago, Ill.: The University of Chicago Press, ? 


Pp. 9-12. Copyright 1950 by The University of Chicago Press. Reprinted by 
Permission, 
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fourth—then mammals, fishes, going backwards—flowering plants, 

mammals, fishes, don’t know what amphibians are, but sponges are 

third from the bottom of lowest animal life, so amphibians last 
along with amoeba—amphi, amphi, can’t remember.” 

Bernice Y. (Score 3): [Read the directions. Read the alterna- 
tives.] “Fish before the land animals, therefore fishes first—no, 
sponges first, sponges on the cellular level of develo, ment—well, 
minimum of differentiation—then fishes, differentiate: structures, 
gills—amphibians, the bridge—life from water to earth—flowering 
punts next, no, flowering plants are plants, rest are animals—either 

lowering plants or mammals last, no, not true—flowering plants 
late on the evolutionary scale—flowering plants 4, and mammals 

5; very latest, highest degree of development.” 

This problem required that the student understand he was to 
rank the items-in a specified order. Several kinds of informa- 
tion could be utilized by the student in arriving at the preferred 
order. He might remember the geologic record or the evolution- 
ary scale. Lacking this information, he might attempt to differen- 
tiate the items on the basis of their complexity, whether land or 
water animals, or plant and animal forms. Given some such prin- 
ciple for sorting out the items, the student must still know 
enough about each of the items named to place them at the 
appropriate points in the sequence. P 

Pauline M.’s record is instructive for what it reveals about her 
effort to use some system for analysis even in the absence of 
very specific knowledge about the geologic record. Although her 
score is zero (she did not place any of the items in the correct 
sequence), and she repeatedly announces that she is guessing 
at the answers, she separates the items into plant and animal 
and assigns the first place to flowering plants. 

Like Pauline, Mary W. protests her lack of knowledge about 
the geologic record and the fact she must guess at the answers. 
Both of these protocols testify to the critical role of knowledge 
in problem solving. Furthermore, Mary appears to have diffculty 
interpreting the directions of the problem. * 

We indicated earlier that attention only to the products of 
problem solving can severely limit the information the teacher 
gains about his pupils’ thought processes, If Pauline M. and 
Val H. are considered together, their scores of zero suggest that 
neither was successful in solving the problem. Analysis of the 
protocols, however, would contradict such a conclusion. Val was 
highly successful in ordering the four types of animals. His erro? 
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placing flowering plants first in the geologic record, resulted in 
the misplacement of each of the animals, thus earning him a 
score of zero. 

David appears to have lost track of the demands of the prob- 
lem. Although he begins by reminding himself that the items are 
to be ranked, it is not clear that he followed through on this basis. 
To the extent that he was successful with the problem, his suc- 
cess seems to stem from his ability to translate the problem into 
terms that are meaningful for him, that is, about which he feels 
he has some useful knowledge. He equates the phylogenetic tree 
with the geologic record. Presumably, he would have solved the 
problem more adequately than he did in fact had he been able 
to use that translation appropriately. 

The protocols of Ned and Bernice, and the scores assigned to 
them, indicate that these two students best understood the prob- 
lem and solved it with the greatest degree of success. Bernice s 
answers, particularly, illustrate an attempt to make a systematic 
analysis of the demands of the problem. 

As Bloom and Broder pursued their study of college stu- 
dents’ thought processes, they developed four bases for use in 
the analysis of the protocols.° 


1. Understanding of the nature of the problem. 

2. Understanding of the ideas contained in the problem. 
3. General approach to the solution of problems. 

4. Attitude toward the solution of problems. 


These four categories were found to be useful bases for 


discriminating the problem-solving behavior of students who per- 
formed successfully or unsuccessfully on a wide range of achieve- 
ment-type problems of which the illustration used above is an 
example. 

_ 1l. Understanding the nature of the problem. B 
ing the nature of the problem Bloom and Broder have reference 
to students’ ability to start an attack on the problem, that is, to 
make appropriate use of key words in the description of the 
problem and also in reference to the student's ability to solve the 
problem as stated. It is notable that the successful problem 
solvers in Bloom and Broder’s sample demonstrated their ability 
to begin the attack on a problem. As they read the statement of 


° Ibid., p. 25. 


y understand- 
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the problem they were frequently able to pick out some key 
word or phrase which enabled them to understand what the ele- 
ments of the problem were. The unsuccessful solvers on the 
other hand would typically read the statement of the problem, 
perhaps reread it several times and comment that the problem 
either made no sense to them or that they failed to understand 
it. Some of the difficulty encountered by the nonsuccessful prob- 
lem solvers in launching their attack seems to be attributable to 
the difficulty they had with the directions for the problem. The 
unsuccessful students frequently tended to read the directions 
of the problem with little evidence of comprehension. Other 
students seemed to fail to read the instructions or to read them 
in an indiscriminate way. This seemed often to be an effort on 
the part of these students to hasten or to shorten the time in- 
volved in problem solving. l 

Successful students, too, sometimes skipped through the di- 
rections, but they seemed to do this purposefully and in a way 
that helped them understand more quickly what the critical ele- 
ments of the problem were. 

The two groups also differed considerably in their abilities 
to solve the problem with which they were presented. One of 
the main difficulties encountered by the nonsuccessful problem 
solvers was that they undertook the solution of a problem, han- 
dled it appropriately, arrived at a correct solution, but the prob- 
lem which they solved was not the problem which had been 
presented to them. Frequently, these- students appeared either 
to have forgotten part way through what the demands of the 
problem were or to have failed, as was indicated earlier, to read 
the directions carefully and in'a way that would help them to 
structure and to direct their attack upon the problem. 

The reader may note the similarity in the foregoing with the 
earlier discussion of the difficulties encountered by some of 
Duncker’s subjects in solving the ray problem. To the extent 
that Duncker’s subjects failed to be constrained in their attacks 
upon the problem by the limits imposed through his instructions 
they tended to suggest solutions which might, under certain CH- 
cumstances, be appropriate but which were invalid solutions 1m 
terms of the problem which he was asking them to solve. : 

2. Understanding the ideas contained in the problem. This 
category was concerned with the student’s possession of relevant 
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information to solve the problems and perhaps more critically 
with his ability to see the possibility of transferring selected 
portions of his store of knowledge to the particular problem un- 
der consideration at the moment. As we might anticipate, the 
two groups of subjects used by Bloom and Broder performed 
differently with respect to this basis of judgment. The nonsuc- 
cessful solvers seemed often to be unaware of the fact that the 
knowledge they possessed could indeed be applied to the prob- 
lem at hand. In some cases the student, while talking his way 
through a problem, would indicate that he simply did not have 
information at his command which he could use to solve the 
problem. However, upon probing by the investigator with some 
appropriate cues and suggestions, it often turned out that the 
student did as a matter of fact know the information which 
could appropriately be transferred to the problem. But without 
such assistance from the experimenter, it seems highly unlikely 
that the problem would have been solved. Indeed, the attitude 
of the nonsuccessful students seems to have been much more one 
of, “Unless I can look at the problem, and immediately see that I 
have information which will help me move directly toward the 
solution, there is very little that I can do to attack the problem. 

A particular obstacle to the nonsuccessful solvers was en- 
countered when the problem that they were asked to solve was 
formulated in terms which were unfamiliar to them. In these 
cases it seemed especially difficult for the student either to trans- 
late the concepts which were presented in the problem into 
terms with which he could deal or, conversely, to ask himself 
questions about what knowledge he had that might in some way 
be subsumed under the concepts which were presented in the 
Statement of the problem. In some cases, also, the students had 
difficulty in using relevant knowledge at their command because 
of unfamiliar words; or, in some cases, statements of problems 
were so highly abstract that the student felt overwhelmed at 
being asked to suggest solutions to these problems. 

_ Typically, the successful problem solver would hesitate, be- 
gin to ask himself questions aloud of what he knew that woul 
help him to break down the problem into more manageable 
components, and then proceed with a reasonable chance and ex- 
Pectation of arriving at an appropriate solution. Nonsuccessful 
Solvers, on the other hand, behaved characteristically as though 
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there was very little hope that they would be able to arrive at a 
correct solution to the problem or that they even could make 
much of a constructive attack upon it at all. 

3. General approach to the solution of problems. Bloom and 
Broder suggest three dimensions upon which the successful and 
nonsuccessful problem solvers differ in the way in which they 
approach the solutions of problems. These are: (1) the extent 
of thought given to the problem, (2) the systematic analysis of 
the problem, and (3) completion of a process of reasoning. The 
successful problem solvers tend to devote considerably more 
thought to the solution of a problem than do the nonsuccessful 
students. Bloom and Broder describe these differences between 
the successful and nonsuccessful solvers as differences in activity 
versus passivity in the approach to the problem. As seen in the 
previous section, the successful solver approaches the situation 
as though it represents a problem, that is, a statement of condi- 
tions which he must reorganize or restructure and to which he 
must bring to bear knowledge in his possession in order to reach 
the stated goal. The nonsuccessful solver, on the other hand, 
seems to take the position that there is a pat solution to a prob- 
lem which will either be evident to him upon reading the prob- 
lem or, if it is not, will represent a difficulty which he cannot 
overcome because he does not have the information or the skill 
necessary for solution. 

The successful solvers also tend to be more systematic in the 
way in which they work toward the solution of a problem. They 
attempt to break the problem down into subproblems which 
they will find more manageable, to simplify, to reorganize the 
demands of the problem, and then to begin in a systematic 
fashion to bring relevant knowledge to bear in helping them to 
arrive at a conclusion, or to help them to select an appropriate 
solution to the problem. Students in the sample of Bloom and 
Broder who were less successful in reaching solutions to the 
problems did not make such analyses. Rather they tended to 
dive into the problem head first, as it were, in an effort to solve 
the total problem. These students also were found to be easily 
distracted in their attempts to solve problems, External consid- 
erations such as extraneous words mentioned in the statement 
of the problem would sometimes lead them to rather extended 
digressions, from which it was very difficult for them to return to 
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The Teacher and Problemi 
Solving: Classroom 
Management 


i I, SEEMS TO BE not only legitimate but necessary, in ex- 
amining the issues of classroom problem solving, to discuss group 
functioning. The most apparent characteristic of typical teaching- 
learning situations is that they involve groups of students under 
the direction of a single teacher. The skill with which the teacher 
controls and manages the classroom group is an explicit determi- 
nant of his success in teaching, although such skill may be in 
large part independent of the teacher's subject matter sophistica- 
tion and of his understanding of the learning process. 

7 Many investigators, particularly social psychologists and so- 
ciologists, have been concerned with the behavior of groups and 
of individuals operating as members of groups. Some of the 
questions these social scientists have posed, as well as their 
analyses of group functioning, will be of interest in our discus- 
sion of group problem solving and in the subsequent section, 
where we examine the influence of the classroom social environ- 
ment upon problem solving. 
ae begin this chapter with an exampl re 
solvi in order that the reader may see how group p Pe 

ing ordinarily occurs in the teaching-learning situation. Later 


e from an arithmetic 
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we will describe typical experimental arrangements for such 
problem solving and then compare and contrast the two settings, 
trying to suggest ways in which the generalizations from social 
science research are useful to the classroom teacher. 

The class on which our illustration centers is located in a 
lower middle socio-economic status area of a large city. There 

_ are thirty-two boys and girls under the supervision of Mrs. 
Brown. In general, the class is average. Most of the pupils have 
made normal progress thus far through school. Several are a year 
or two retarded in academic achievement. A few seem to be 
capable of much more demanding tasks than those confronting 
them. Despite these individual differences, however, all pupils 
are given the same work to do, although the teacher clearly ex- 
pects better performance from some pupils than from others (all 
work completed in a shorter time, neatly, and with fewer mis- 
takes). 

Mrs. Brown is an experienced teacher. She has taught for 
twelve years, the last five in the school in which we now find 
her. She is regarded as an excellent teacher. Her relations with 
pupils, parents, and staff are easy and unstrained. Discipline in 
the classroom is maintained by the friendly but firm attitude of 
the teacher. The atmosphere of the classroom is clearly task- 
oriented but low pressure, It is as though the teacher were say- 
ing, “We're all here to work and to learn, but we're in no hurry. 
There is world enough and time.” 

The central topic in arithmetic which this class has been 
pursuing is fractions. A great deal of careful preliminary teach- 
ing has preceded today’s lesson in problem solving. For exam- 
ple, concepts of fraction, numerator, denominator, and mixed 
number have been developed. Pupils have learned that only like 
fractions can be added or subtracted, and that only the numera- 
tors are used in computation. They have also been taught prin- 
ciples for, and have had some practice in, finding least common 
denominators and reducing fractions to lowest terms. 

A concomitant goal of the arithmetic program is the develop- 
ment of skill in problem solving. During the current week the 
class has studied the textbook presentation of steps in solving 
a problem, they have had discussions, led by the teacher, of 
how to use these steps, and they have worked some problems 
independently, trying to apply the steps. 
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Mrs. Brown’s plans for today call for reviewing the steps, 
working a series of problems in class, and then assigning a set 
of problems for the children to work by themselves. Tomorrow 
these problems will be placed on the board by various members 
of the class, each will be explained orally, and Mrs. Brown will 
look for the common mistakes in order to clarify them. 

As we observe today, Mrs. Brown stands in front of the class, 
a teacher’s edition of the arithmetic text in her hand. At their 
desks, each of the pupils has his book opened before him to a 
common page. 

The teacher begins by reviewing the problem-solving steps 
that have been learned earlier and reminds the pupils to make 
use of them in working the new problems. Then she proceeds to 
the work at hand. 

“Well, now, I think we can start. Let's take turns reading the 
problems aloud, and we'll work them as we go along. Who wants 
to begin?” 

A flurry of hands are raised. Mrs. Brown recognizes David, a 
small boy seated near the front of the room. n 

David reads. “A dry goods merchant has a bolt of cloth 7% 
yards long. He has promised a customer to save 4% yards. An- 
other customer wants to buy 2% yards of the material. Can he 
make this sale and keep his promise to the first customer? 

David finishes reading. There is a brief pause. Then he says, 
“I don’t get it.” Others murmur assent. One or two hands are 
raised tentatively. 

“Well, David, think about it for a minute. Marie, can you help 
him?” asks Mrs. Brown. 

“I think he can,” says Marie, “because he has enough ma- 
terial for both of his customers.” 

“All right, David, Marie says he can m 
you agree with her?” 

“Yeah, I guess so,” David replies. 

“Show us how you found out, David,” Mrs. Brown asks. 

David stares at his book, not looking up. After a moment the 
teacher says, “O.K. We'll ask somebody else. Who can tell us if 
Marie is right?” 

Jean raises her hand, is called upon, 
4% yards and 9% yards will come out of 7 
so Maries right.” 


ake both the sales. Do 


and says, “You find out if 
% yards. And it will, 
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“Yes,” says Mrs. Brown. “Everybody see that now? What do 
we do?” she asks, walking to the blackboard. “We're going to 
add, arent we? What do we add, David?” 

“4% and 2%.” 

“Yes, will you add that for us?” 

David goes through the process of locating a common de- 
nominator and computing the sum. Another pupil volunteers the 
fact that David’s 7% yards are subtracted from the merchant's 
T% yards and that since # yard remains the merchant can oblige 
both customers. 

The teacher completes this instructional cycle by calling for 
questions and settling the minor issues that are raised. The class 
then moves to the next problem; essentially the same cycle is 
repeated four more times. Marie, Jean, the pupil who completed 
the first problem, and one or two others are active in most of the 
discussion. Several of the pupils never participate, voluntarily 
or otherwise, although Mrs. Brown makes it clear that all con- 
tributions are welcome. 

Five minutes before the end of the class, Mrs. Brown breaks 
off the discussion and tells the pupils the assignment for the next 
day and how to proceed with it. As our observation closes, the 
pupils are beginning to work on the assigned set of problems. 

Prior to our examination of experimental studies of group 
learning and problem solving, it may be advisable to analyze 
Mrs. Brown’s goals for her class, her means of reaching these 
goals, and some of the assumptions upon which her method is 
based. The simplest statement of the teacher's goal in this lesson 
seems to be the development of problem-solving skill among her 
pupils, and the activities of the class can be viewed as the means 
through which this goal is to be achieved. 

Clearly the teacher recognizes that the pupils require some 
kind of guidelines for the solution of arithmetic problems. A heu- 
ristic has been provided by the textbook and class discussion, but 
the effects of such guides, particularly if they are applied rigidly 
and mechanically, are dubious. We shall consider this point in 
more detail in the next chapter when we discuss methods of 
teaching skills in problem solving. 

Notice that Mrs. Brown takes great pains to insure that the 


sample problems are thoroughly discussed in class, the means of 


solution are elaborated appropriately, and any questions or con- 
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fusion expressed by pupils are dealt with patiently, even will- 
ingly. Thus she views the final solution to these problems as 
group solutions, representing the cognitive activity and under- 
standing of the class as a whole. Her assignment of an additional 
set of similar problems to be solved by the pupils independently 
strongly implies that she anticipates facilitation of such solutions 
to stem from the group problem-solving session. In short, Mrs. 
Brown assumes that positive transfer between the group and in- 
dividual problem-solving contexts will occur. 

We appear to have attributed to Mrs. Brown’s practice both 
a consciousness or awareness and a deliberateness which it may 
not possess, The forces which actually shape her teaching be- 
havior are very private and can only be guessed at by the ob- 
server, It may well be that Mrs. Brown herself would be unable 
to explain with any precision why her lesson proceeded as it did. 
Her presentation may reflect her interpretation of suggestions 
proffered by the teacher's guide or “common sense” may have 
directed her behavior or something else. Nevertheless, if our 
analysis of her goals, means, and the assumptions underlying 
them is accurate, any conflicting statement by her about her 
purposes or intended outcomes is in one sense irrelevant. 


EXPERIMENTAL STUDIES OF GROUP 
PROBLEM SOLVING 


Let us turn our attention now to a consideration of some re- 
cent research on group learning and problem solving. While the 
studies to be presented do not replicate the teaching-learning 
situation in Mrs, Brown’s classroom, they do illuminate the ques- 
tions we raised earlier about problem solving in groups: 

Gurnee (1962) has reported the results of a most intriguing 
Series of experiments on group learning. In most of his experi- 
ments, Gurnee tried to capture some of the flavor of ongoing col- 
lege classes, that is, his subjects were undergraduate students 
from various psychology classes who were brought together in an 
ordinary lecture room for experimental purposes. Gurnee’s prin- 
cipal concern in this inquiry was with the conditions which gov- 
ern the development of group culture. - 

His general method was as follows. Groups of undergraduates 
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assembled in the classroom to participate in studies of learn- 
ing. A number of groups were used in different investigations, 
ranging in size from 35 to slightly more than 100. At the front 
of the room, Gurnee placed a bolthead maze containing 20 
choice-points. This maze consisted of 20 pairs of brass roundhead 
bolts which were situated four centimeters apart. The pairs of 
bolts were arrayed vertically on a black fiberboard panel. A 
six volt lamp was situated halfway up the panel and just to the 
right of the boltheads. One bolt from each pair was wired to the 
lamp and to a brass pointer. Thus when contact was made by 
the pointer with the “correct” member of each pair of boltheads, 
the lamp would light, confirming the learner’s response. Which 
member of each pair would be hooked to the lamp was deter- 
mined by the toss of a coin, except for necessary adjustments to 
insure that an equal number of boltheads were selected from 
each column. The problem for the group was to indicate to the 
experimenter the “right” choice from each pair of boltheads, and 
learn, over a series of trials, which of each pair of boltheads, 
when contacted, would illuminate the bulb. 

The experimenter asked the subjects which was the correct 
choice for each pair in turn: right or left? Selection of the group 
choice was based upon voice vote and a hand vote was re- 
quested only if the experimenter could not determine from the 
vocal statements where a majority of the votes lay. Six trials 
were conducted with each group and, as would be expected, 
scores on the first trial were at the level of chance. By the sixth 
trial, the groups tended to have mastered the sequence of 
choices. Typical intraserial learning phenomena occurred, that 
is, the groups learned the correct choices first for the several 
pairs presented early in the series, they learned the final few 
items next, and most inhibition occurred with respect to the in- 
termediate pairs. There was also considerable variability among 
individuals in the speed with which the maze was learned. 

One of Gurnee’s experiments dealt with comparisons of the 
learning of individuals in a group (or classroom discussion type) 
situation and individuals in isolation. Two sets of 50 students, 
matched on the basis of sex and intelligence, served as subjects. 
One set constituted a group and went through a series of experi- 
mental trials much like those described above. The other 50 sub- 
jects were tested individually. They were treated exactly like the 
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group members except that their learning was accomplished in 
the presence only of the experimenter. 

All subjects, group and individual, were given six trials to 
learn the maze. Before each trial, the subjects indicated on a 
mimeographed sheet their series of choices. The sheet was col- 
lected, and the trial was run. 

When the resufts of the two sets of subjects were compared, 
the members who functioned as a group committed significantly 
fewer errors on the average than those studying in isolation. No 
differences occurred on the first trial, but by the third trial the 
mean differences departed significantly from each other, in- 
creasing in magnitude through the balance of trials. Variability 
in error scores between the two groups was also different by the 
final trials, being lower for group than for individual subjects, 
and suggesting that the less able members profited most from 
the group situation. 

Gurnee’s experiment appears to pro 
dence in support of the teaching prac 
Brown’s elementary arithmetic class. It seems reasonable to in- 
fer from Gurnee’s data that more of the pupils in the arithmetic 
class would arrive at the correct solution to the cloth problem 
as a result of the class discussion and explanation of the ques- 
tions than if each were pursuing the task independently. Ulti- 
mately, however, teachers are interested in changes in individual 
pupil behavior. Does group participation enable pupils to solve 
other similar problems when working alone? This is a question 
that cannot be answered by Gurnee’s study. 

Several years ago this author (Hudgins, 1960) conducted an 
experiment designed to explore a similar issue. Fifth-grade 
girls and boys were given a series of arithmetic problems to solve 
on several consecutive days. Half the pupils were placed in 
small groups to work together at finding answers to the prob- 
lems, We might equate this condition very roughly with the 
group situation in Gurnee’s experiment and with Mrs. Browns 
discussion method. The other half of the children solved the 
same sets of problems, but each child worked by himself (al- 
though in the presence of others). This is similar to, although not 
identical with, Gurnee’s “alone” condition and is reminiscent of 
study periods in the classroom. Comparisons between the group 
Scores and those of sets of matched individuals showed that the 


vide at least some evi- 
tices we saw in Mrs. 
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group consistently solved more of the problems correctly than 
the individuals. This finding appears to be in agreement with 
Gurnee’s statement that his group subjects committed progres- 
sively fewer errors than the isolated subjects over the series of 
trials. 

Finally, an additional set of arithmetic problems was given to 
all the fifth-grade pupils to work on by thefhselves in an effort 
to answer the question suggested above: Do pupils learn prob- 
lem solving skills in a group situation which they can transfer 
to individual tasks more effectively than they learn such skills if 
working alone? Results of the posttests indicated no significant 
differences among pupils in their ability to solve problems which 
were attributable to the experimental treatments. 

Our discussion of group problem solving can be summarized 
into a brief series of generalizations: 

1. Based on a body of experimental data (for example, Gur- 
nee, 1962; Hudgins, 1960) teaching practices in the area of 
problem solving which involve group discussion and participation 
can be expected to yield results superior to individual problem 
solving by class members, 

2. Current evidence suggests that when the area of examina- 
tion is the ability of individuals to solve problems the results are 
likely to be independent of the teachers’ methods of promoting 
problem solving if these methods can be dichotomized as “group” 
and “individual” methods. Note that this conclusion does not 
suggest the absence of individual learning under either condi- 
tion, but simply that one does not appear to be superior to the 
other when the criterion is the problem-solving skill of pupils 
working independently, 

3. Changes in problem-solving skill of the order we have de- 
scribed probably depend most heavily upon pupils learning 
methods of comprehending the point of problems, analyzing 
problems into components, and selecting and applying to the 
problem the appropriate skills and knowledge to facilitate solu- 
tion. Any method, “group,” or “individual,” which emphasizes 
such skills as part of the process of problem solving, and which 
provides practice in their execution, should in the long run prove 
superior to procedures which concentrate solely upon solutions 
to individual problems without regard for skills which are gen- 
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eralizable across types of tasks. This issue will receive fuller 
treatment in the following chapters. 


SOCIAL ENVIRONMENT FOR PROBLEM SOLVING 


ie mtellectial achyity cannot flourish under circumstances 
ach demand rigid conformity. When insistence upon the com- 
pletion of tasks within specified limits of time, for example, takes 
eo over consideration for the pupil who desires to re- 

von problems, perhaps to explore alternative means of 
Solution, restriction in the flexibility of pupils’ behavior must be 
anticipated. 
ey, ew eLCness by pupils of problems is facilitated? by a 

oom environment in which pupils are expected to raise 
ee even though the questions may sometimes tend to in- 
either a digression from the mainstream of the lesson. The 
Sieh once observed an intermediate grade social studies class 
simpl WOS discussing Alaska. The teacher’s method was a very 
a one, involving pupils in paragraph-by-paragraph oral 
teach § of the geography text, followed by questions from the 
eh a irected at checking the pupils’ comprehension of the 
his ha aed through the recitation, one of the boys raised 
Elena: and, when recognized by the teacher, inquired how 
was oe could possibly eat whale blubber. A tone of revulsion 
atone ent in the boy’s voice, together with the implication that 
stspect whose diet departed from standard American fare was 
ous we probably somewhat less than human. To this obvi- 
impact ie tion to help her pupils understand something of the 
toms ‘a the natural environment upon the development of cus- 
t ae me, control over differences among cultures in the ways 
i le universal problems, the teacher responded with an 
Proble a wave of her hand and the statement, “Thats he 
ing. oE Then she nodded to another pupil to continue read- 
Pupils T woulda have to be naïvely optimistic to anticipate that 
or T this classroom will very frequently introduce questions 
ies ems which deviate markedly from the prescribed activi- 

ane curriculum. 
n "The Emperor's New Clothes, 


z istian Andersen 
refi Hans Christian 
ected allegorically the powerful in 


fluence exerted on the 
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judgment of individuals by society. Word spread over the king- 
dom that the emperor would lead a public procession clothed 
in the finest new raiment, but raiment which was invisible to 
anyone who was stupid or who was otherwise unfit for the office 
he held. On the appointed day of the procession, the people who 
lined the streets praised the beauty of the emperor's new ward- 
robe to each other, although privately they were appalled that 
they could see nothing. It took the innocence of a young child to 
comment frankly and devastatingly, “But he has nothing on!” 
Psychology has recently begun to verify the generalization which 
Andersen expressed so charmingly more than a century ago. We 
shall present evidence from several sources which deals with the 
impact on the individual’s decisions of an erroneous but unan- 
imous group judgment. These investigations have been chosen 
for discussion because they seem to bear special relevance to 
classroom problem solving. After presenting the studies, we shall 
try to indicate their applicability to the practice of teaching. 

Asch (1960), in a study widely cited in social psychology, 
used a very simple experimental procedure to investigate the 
effect of a majority opinion on the behavior of one individual. 
Small groups of college students were brought into the labora- 
tory, ostensibly for the purpose of assisting the experimenter in 
readying materials for research on perception. The tasks used in 
the experiments were sets of lines or other geometric forms. 
Subjects were told that they were to look carefully at the several 
lines shown simultaneously and decide, in each instance, which 
of them was the longest. In actuality, the lines were of easily 
discriminable lengths, so that it was highly improbable that any- 
one would have much difficulty in deciding independently 
which line was the greatest in length. 

The several subjects were seated in a semicircle, the sets of 
materials were projected before them, and the experimenter, in 
a very routine manner, proceeded to ask the individuals in turn 
to give their judgments orally so they could be recorded. After 
several trials on materials of different kinds, the subject seated 
at the end of the semicircle—that is, the person who would be 
ake gt xr judgment vas Scie by notie 
the others. oe eee i out ee es exception a 
the other ores of th eae rr ae subjech 

e group were confederates of the experi- 
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menter, and they were, on cue, deliberately supplying unani- 
mous but incorrect responses to the stimuli. The test subject also 
had to respond, and his responses furnished data for the experi- 
ment. 

A number of trials were conducted with each group- After 
the first “critical trial,” as described above, the confederates re- 
sponded honestly to several more sets of stimuli, followed by 
another critical trial. This procedure continued until the experi- 
menter had several opportunities to observe the behavior of the 
test subject under group pressure. 

#6 Not all the test subjects behaved in the same way. Some 
yielded” frequently, that is, they changed their original judg- 
ment to conform to that expressed by the other members of the 
group. Others yielded infrequently or not at all. Of particular 
interest are the self-reports of some of the subjects who yielded 
Consistently. Many of them reported that they were convinced 
that the majority was wrong, but they conformed to the judg- 
ment because they did not wish to be alone in voicing a response. 
Others, however, changed not just their response but apparently 
Were convinced after hearing the majority opinions that the 
Wrong response was in fact the correct one. 

The frequency with which test subjects yielded dropped 
aul when, as a variation on the general procedure, one 
other member of the group reported an accurate response. Evi- 
sent, it is not the fact of being in the minority which induces 
individuals to conform to group pressure, but constituting a MI- 
Nority of one which has the most potent effect. 

As part of a long-term, complex inquiry into human per- 
Sonality and behavior, Crutchfield (1962) has recently sum- 
marized a series of his investigations concerned with conformity 
Te creativity. Crutchfield sees conformity as the enemy of cre- 
ativity. In the research discussed here, Crutchfield operationally 
th hed conformity in much the same way as Asch, that is, as 
eer with which an individual yields in his ge 

€ opinion of a unanimous majority. Crutchfield’s procedure 

a his materials, while not identical to those employed y 
pri are so similar that we will not describe them in detail. 
rutchfield used a wide range of subjects in his experiments 
a conformity, including samples of military officers, college 
Students, and industrial research scientists. He found differences 
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in the frequency with which subjects yielded to majority judg- 
ments both between different occupational groups and within 
such groups. For instance, most yielding occurred within the 
sample of military officers as a group, and yielding was least 
frequent among the research scientists. Crutchfield suggests that 
military officers are not primarily selected because of their creas 
tive potential, but creativity is of central importance for scien- 
tific investigators. However, when within a given group the rated 
creativity of those who are most conforming is compared with the 
rated creativity of those who are least conforming, substantial 
differences occur between the two. subgroups, revealing that 
the individuals who have been rated highest on creativity tend 
to conform to the group judgment significantly less often than 
the individuals who have been judged as less creative. 
Crutchfield’s analysis of personality differences between more 
and less conforming individuals is also instructive. Compared 
with more independent individuals, conformers tend to be less 
intelligent and more rigid in their cognitive processes. They are 
more anxious and less able to function effectively in crisis situa- 
tions. The conformist tends to lack self-confidence but also to 
have a less accurate self-concept than the nonconforming in- 
dividual. In interpersonal relations, he is passive and dependent 
at the behavioral level but is at the same time more suspicious 
and distrustful in his attitudes toward others. His personal at- 
titudes and values are likely to be more conventional and moral- 
istic than those of the i 
person may be rigid and authoritarian in his views. 
Maier (1952) has demonstra 
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problem and asked to solve it individually and to record their 
solutions. Group discussion took place and, after the discussion, 
members were again asked to record the solution that they now 
thought was correct. 

Analysis of the first solutions showed no difference between 
the “leader” groups and the “observer” groups. About 45 per cent 
of the members in both types of groups arrived independently 
at the correct solution. The statements of final solutions, how- 
ever, revealed a significant difference between the two con- 
ditions. Observer group solutions rose to about 72 per cent; 
Correct solutions for leader groups increased to almost 84 per 
cent. Most of the difference between the two sets of groups was 
attributed by Maier to the fact that the leaders of discussion 
groups made it possible for all members of the group to partici- 
pate in the discussion, thus insuring that a minority member who 
had arrived at the correct solution had an opportunity to be 
heard by other members of the group. In the observer groups, On 
the other hand, majority members tended to dominate the dis- 
Cussion, rendering it more difficult for a minority group member 
to present his argument. 

The implications of these studies for teaching seem to 
Straightforward, but it is not difficult to think of classroom situa- 
tions which impose severe limitations on the applicability of the 
Principles. The research cited above suggests several generaliza- 
tions for teachers. 
hi 1. A pupil may find it easier to keep new or ù 

imself in the face of a social environment which 
thetic to departures from routine procedures oF wa 
at questions. i 
io 2. Creative pupils are less likely to be intimidated by oe, 

ns or problem solutions which are contrary to ther ho 
Crutchfield’s data suggest that less creative pupils, those who 
Would profit most by being encouraged to find new ways n 
Solve problems or by introducing original but not widely hel 
Points of view, are likely to find it easy to conform to majority 
Pinions or to adopt popular solutions to problems. Site 

8. An extrapolation from Maier’s experiment sugges : i be 
ay of thinking by the classroom group as a who! a ce 
"proved if the teacher consistently and systematica ue ie 
Pains to allow each pupil to present his arguments 17 a clima 


o be 


nusual ideas to 
is unsympa- 
ys of looking 
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of mutual respect among pupils and between teacher and pupil. 

To know these principles and to understand how they may be 
applied in teaching are two different things. The teacher who 
begins with the assumption that any statement or opinion a pu- 
pil may care to introduce into a class recitation is legitimate will 
soon learn that the flow of irrelevant and impertinent comments 
interferes with rather than facilitates the attainment of instruc- 
tional goals. Similarly, the teacher who tolerates all questions— 
for example, about how an assignment is to be completed—will 
find that pupils are adept at formulating the most trivial, repe- 
titious questions about minutiae that would never occur to the 
teacher. In short, the teacher who tries to apply the generaliza- 
tions enumerated above without qualification will find that they 
do not work. The most likely result of such a discovery is that 
the teacher will reject the principles and concentrate on class- 
room management procedures that yield a semblance of order 
and progress toward goals in the activities of the classroom. 

. Our educational system is structured so that instruction occurs 
in groups. This fact in itself carries many and important impli- 
cations for the teacher. Group instruction implies that organi- 
zation is necessary in the classroom, organization to establish 
routine procedures for accomplishing everyday tasks. These pro- 
cedures may not be important as ends in themselves, but they ac- 
quire significance because it is through them that the important 
business of imparting knowledge and of developing the intellec- 
tual abilities of pupils is facilitated. If the teacher has clarity 
about the goals he wishes to achieve, pupils can learn to dis- 
criminate between situations in which it is appropriate to ques- 
tion, to speculate, and to introduce or try out new ideas, and 


those where one’s behavior is controlled by established routines 
and procedures, 
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The Teacher and Problem 
Solving: Classroom 
Instruction 


I. THE PREVIOUS chapter we considered a series of pe 
haviors of the teacher which are relevant to the development T 
problem-solving skill but which are essentially noninstructionai 
in nature. Such management behaviors are directed toward ce 
stituting an environment in which instruction is likely to Bi 
productive. Theoretically, pupil learning will be retarded if i 
management aspects of teaching are not executed appropriate'y. 
The second principal function of teaching, of course, is an A 
structional one. This chapter is concerned with the nature © 
the relationships between the teacher’s instructional behavior 
and the pupils’ problem-solving performances. 


INSTRUCTION, SET, AnD RIGIDITY 


Have you ever had the experience of trying to separate the 
pieces of a mechanical puzzle, only to find that you persist in 


avior is a simple example of 
as stereotypy or rigidity in problem 
es both the cases where a given be- 
Ithough it is unsuccessful, and where 


36 


what we typically refer to 
solving. Rigidity encompass 
havior pattern is repeated al 
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it is used when a different, perhaps simpler response pattern 
would solve the problem more easily. 

Some of the most interesting and provocative information 
about the relationship between set and rigidity in problem solv- 
ing comes from a series of experiments reported by Luchins 
(1942). The general question Luchins sought to answer was of 
the form, “If you teach an individual a specific method for solv- 
ing a problem, then allow him to solve a series of problems 
where that method is appropriate, what will happen to his be- 
havior when he confronts problems which can be solved more 
directly than by the prescribed method?” Luchins was also in- 
terested in the potential effect on behavior of a warning to be 
alert. For most of his experiments he used “water jar prob- 
lems” as experimental tasks. The subject is instructed that from 
three jars, A, B, and C, he is to get a specified amount of water. 
An illustrative problem is constructed so that the subject (hypo- 
thetically ) fills jar B, then subtracts enough water to fill jar A 
once, and jar C twice. For example, the problem might read, 
Jar A contains a 6-quart capacity, jar B contains a 128-quart 
capacity, and jar C contains a I-quart capacity. Obtain 120 
quarts of water,” The formula B — A — 2C is applicable. A se- 
ties of problems, all solvable by the same method, then follows. 
After a half dozen or so problems, others are inserted which can 
be solved by the earlier learned formula, but for which a simpler 
method is applicable. For example, “A = 15, B= 39, C =3; ob- 
tain 18.” While 39 minus 21 will yield the required 18 quarts, 
the subject need only add A and C to reach the desired quan- 
tity. Frequently subjects, well-educated adults as well as ele- 
mentary school children, fail to note the more direct solution 
and proceed with the B — A — 2C formula. i 

_ To some subjects, Luchins provided a clue before the begin- 
ning of the experiment. This clue consisted of a reminder to 
write the words “Don’t be blind!” on their answer sheets follow- 
ing the completion of the sixth problem. As indicated before, the 

st six problems usually were introduced to build up the set or 
to blind subjects to the fact that a change in procedure was com- 
ing. However, the “Don't be blind!” instruction tended to have 
differential effects, depending upon the subject's interpretation of 
ats meaning. When the subject made the appropriate interpreta- 
tion, that is, “Be alert now, I'm going to throw you a curve!” the 


38 PROBLEM SOLVING IN THE CLASSROOM 


set frequently was broken. Subjects scanned the array of jars me 
cues which would suggest an alternative means of attaining the 
solution. Other subjects, typically those with whom the instruc- 
tion was ineffective, apparently thought it meant, Don't be 
blind! The method I have taught you still works, even if the 
problems look different.” Some subjects, under this insta ie 
proceeded to apply the B — A — 2C formula even to subse 
quent problems which were not solvable by the formula given. 

A number of the experimental subjects used by Luchins in 
his investigation of the role of Einstellung or rigidity in problem 
solving were elementary school pupils. Luchins observed that the 
environment to which pupils had become accustomed in the 
classroom was instrumental in influencing their responses to the 
water jar problems. Particularly prone to the Einstellung effect 
were the pupils of teachers who stressed classroom routine and 
drill. Postexperimental reactions of such pupils included expres- 
sions of surprise or indignation that a teacher (the experimenter ) 
would expect pupils to use a different method to solve problems 
than the one which he had explicitly taught them. : 

It seems reasonable to extrapolate two principles of practice 
for the classroom from Luchins’ findings, although there is not 
specific evidence currently available to support them. J 

1. If pupil problem-solving behavior is to avoid the inhibiting 
effects of stereotypy, the classroom atmosphere must reinforce 
(or at least must allow) attempts to vary strategy in seeking s0- 
lutions, (The reader may wish to review the section on environ- 
ment in Chapter 3.) 
2. When the teacher provides series of problems, even though 
these are primarily intended to furnish practice on a recently 
taught principle or Operation, it seems advisable to insert an oc- 
casional problem which demands the application of a different 
principle. The value of practice is questionable if the pupil knows 


from previous occasions that tomorrow's homework is invariably 
based on today’s lesson, 


Conversely, if pupils are aware that problems are likely to 


demand a variety of applications, including recently as well as 
earlier learned operations, there should be an additional value 
beyond merely breaking down response rigidity. Such foreknowl- 
edge might also be expected to induce pupils to analyze prob- 
lems carefully inasmuch as they cannot rely upon correspondence 
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with recent teaching. The discussion of problem solving as 
transfer of training in the next chapter will give us an oppor- 
tunity to reexamine this topic in an altered context. 

A study by Miller (1957) furnishes at least indirect support 
for our contentions. Miller tested a group of 120 boys in a British 
secondary school which included both “modern” and “technical” 
streams. The boys in the “modern” stream complete their formal 
education at the secondary school level, while most of the boys 
in the “technical” stream are headed toward advanced training. 
Apparently there are quite different expectations held by the 
teachers for classes in the two streams. The same teachers in 
this school instruct classes from both streams, but they report 
that they employ different instructional techniques. Drill pro- 
cedures are, according to the teachers’ statements, used more ex- 
tensively with classes from the «modern” stream than with those 
in the “technical” stream. 

Since Miller was interested in determining whether there are 
relationships between intelligence and rigidity, and between 
rigidity and teaching methods, he administered the Luchins 
water jar problems to boys in both streams of the school. He then 
computed a rank-order correlation between their scores on the 
water jar problems (a measure of rigidity) and intelligence. 
This yielded a negative but significant relationship (rho = 
—.304). A negative correlation indicates that the two factors 
under examination vary with each other, but one decreases as 
the other increases, In this case, the negative correlation sug- 
Sests that the higher a pupil's measured IQ, the lower his score 
On rigidity is likely to be. fe 

Miller also attempted to answer the question: Is rigidity ze 
lated to the type of instruction pupils receive in school? This 
seems to be an interesting and important question, and it is un- 
fortunate that Miller's answer to it is not definitive. He selected 
students from the middle IQ range of both streams so that there 
Was no significant difference in intelligence between the two 
groups. This gave him a sample of twenty-nine boys from the 
Modern stream with a mean IQ of 100.6, and a group of forty- 
One technical stream boys with a mean intelligence test score of 
102.8. When these two groups are compared with respect to 
their rigidity, the differences are quite dramatic. Of the boys 
Tom the modern stream, 83 per cent were high on Einstellung, 
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whereas only 49 per cent of the boys in the technical stream 
had high rigidity scores. 

Miller argues on the basis of these data that, since the boys 
all shared the same general school environment, and the groups 
were of equal intelligence, the differences in rigidity must be 
accounted for by some additional factor or factors. He suggests 
that, although the boys are in contact in their classes with es- 
sentially the same group of teachers, the teachers report that 
they handle the classes differently. His interpretation is a long 
way from providing evidence that routine drill methods of teach- 
ing contribute to the development of rigidity in pupils, but it 
does raise the possibility that teaching methods may be more 
important in the development of Einstellung than has been 
thought in the past. 

Luchins’ comments about the reactions of pupils in classes 
where instructional procedures are highly routinized are no more 
definitive than Miller’s supposition. The two independent reports 
placed together, however, do suggest a trend. Until further evi- 
dence is available on the point, it seems reasonable to hypothe- 


size that methods of teaching and rigidity are related to each 
other. 


EFFECTS OF TRAINING PUPILS IN ALTERNATIVE 
METHODS oF SOLVING PROBLEMS 


The teacher’s goal in th 
is broader than teachin 
lems successfully. He 
flexible but usable str 
lems independently, 
the context of the les 
ing, 


Ackerman and Levin 


e development of problem-solving skill 
g pupils to solve any given set of prob- 
must also be concerned with developing 
ategies that enable pupils to attack prob- 
that is, when cues ordinarily available from 
son or from the teacher’s guidance are miss- 


(1958 ) attempted to train elementary 


using is not going to 
their sample of sixth 
group (A) which was tau 


-alternative group (NA); 
or solving the same set of 
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problems. The items in the training series were the familiar 
Luchins water jar problems, modified so that they were suscepti- 
ble to solution by either of the methods in which the A group 
received instruction. Ackerman and Levin were interested in the 
effect which the alternative method of training would have on 
pupils’ behavior when they encountered new problems which 
would not yield to either of the methods previously practiced. A 
transfer test was also given to both groups of pupils. This test 
consisted of a set of problems different from the Luchins water 
jar items. For both of the tests following the training session, the 
results were essentially the same. No statistically significant 
differences occurred between the A group and the NA group in 
the total number of problems solved correctly. However, the 
difference between the two groups was in the direction pre- 
dicted, that is, the A subjects did solve more problems than the 
NA subjects, Despite the failure of the training in alternative 
methods of solution to yield significant differences in total solu- 
tions, other important differences between the two groups ap- 
peared, Members of the group trained with alternative solutions 
were more variable in choosing alternative methods of working 
on the problems than were the members of the NA training 
group. Also, the A pupils persisted in working on the problems 
for longer periods of time than the NA subjects. 
The interpretation of Ackerman and Levin’s findings for class- 
room practice is complicated by their failure to report significant 
ifferences in the total number of correct solutions between the 
Pupils in the two training conditions. Obviously, if we knew that 
there was a direct correspondence between an instructional 
method which concentrated on exposing pupils to multiple ap- 
Proaches to problems and the number of problems pupils could 


Sub sequently solve, we could feel relatively certain about the 


Wisdom of incorporating such methods into the practice of teach- 


ing, 
The training period the pupils experienced in this experi- 
aot was dind brief; hE N with which they Me 
“aling were highly proscribed. It may be that, as a consisten 
Practice in the classroom, careful training in selecting a 
i OE seeking solutions to problems will result in the kin A 
Ncrement in solutions which Ackerman and Levin were hope: 


emonstrating. 
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EFFECTS OF VARIOUS KINDS OF INFORMATION 


This section is concerned with the relationship between the 
kind and amount of information supplied to the pupil involved 
in problem solving and his problem-solving behavior. The funda- 
mental question to be asked here pertains to the consequences 
for pupil problem solving of variations in the guidance, instruc- 
tion, or direction that the teacher provides. 

Suppose, for example, that an arithmetic teacher wants her 
class to learn the Odd Number Rule (the sum of a series of 
n odd numbers in sequence, and beginning with 1, is equal to 
n?), but to learn it in such a way as to maximize the likelihood 
both that it will be remembered and will be used under appro- 
priate circumstances. How shall the teacher proceed? 

Variations in instruction provided by investigators of this 
question can be roughly separated into three conditions: (1) 
complete guidance, in which the principle and its applications 
are presented; (2) partial guidance, the particulars of which 
vary from study to study, but in which experimental subjects are 
given some information about the rule; and (3) no guidance, in 
which subjects are to discover or induce the generalization from 
examples. 

Hendrix (1947), in a frequently cited study, reported that 
subjects who discovered the rule but did not immediately formu- 
late it (method of unverbalized awareness) took greater ad- 
vantage of opportunities to apply the rule than subjects who 
discovered the rule and verbalized it, or subjects who were first 
given the rule, and then practiced its use with various examples. 
On the strength of these findings, Hendrix suggests that pupils’ 
ability to transfer or apply a generalization from the context in 
which it is originally learned to a new one will not be materially 
improved by first specifying the principle and that, in fact, such 
verbalization may impede the desired use of the principle. This 
is a startling recommendation, but examination of Hendrix’ re- 
sults casts great doubt upon the reliability of her findings. She 
replicated her methods on three separate but small samples (a 
total experimental sample of 40 persons). Each time the results 
were the same, that is, more applications were made by the un- 
verbalized awareness subjects. However, the differences among 
her subjects, while always in the direction predicted, are not 


PROBLEM SOLVING AND CLASSROOM INSTRUCTION 43 


Statistically significant. In fact, the difference between the un- 
verbalized awareness subjects and those who verbalized the rule 
as part of their experimental treatment is so small as to occur 
by chance about one time in three. 

Kersh (1958) explained the superiority of a discovery method 
in problem solving, not in terms of learning per se, but as a con- 
sequence of an increment in motivation which appears to lead 
to increased independent practice on the task. In a subsequent 
study (Kersh, 1962), designed to examine differences in reten- 
tion and transfer of principles between a directed group and a 
discovery group, Kersh employed a control group which was 
given the principle to be learned and a series of examples to 
which it was to be applied. When transfer tests were adminis- 
tered to all subjects over periods ranging from three days to six 
weeks, the major finding was one totally unanticipated by the 
investigator. The control group, which had memorized the prin- 
ciples and practiced their application, was better able than either 
the directed or the discovery group to use the principles to solve 
new problems and to state the substance of the principles. This is 
a significant result, not only in its implications for the teacher’s 
role in guiding problem-solving behavior, but also because of 
what it suggests about the utilization of instructional time. 

By no means do we intend to raise the ghost of the economy 
of time issue. Hopefully, we have progressed beyond the point 
where every classroom activity must be evaluated in terms of its 
utilitarian function. Nonetheless, instructional time is at a pre- 
mium. It is difficult to defend the discovery method, which is 
usually extremely time consuming, when confronted with data 
like those Kersh has presented. Other investigators have typi- 
cally reported that some assistance to experimental subjects, 
either in the form of information bearing upon the method of 
solution to be used or of the applicable principle, yields results 
substantially superior to an unstructured problem situation in 
which the pupil is forced to search for a solution without the 
assistance either of organized materials or some verbal guidance 
from the teacher or experimenter. 1 

Ausubel (1963) has written a careful and eloquent rebutta 
to the proponents of learning by discovery. He argues that ta 
ception learning—learning which occurs when factual ga 
Presented to the pupil in an organized way, as throug! i 
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lectures, or films—when appropriately directed, possesses mean- 
ing for thé pupil and avoids most of the disadvantages of the 
process of discovery. The chief elements in his discussion of this 
topic are summarized below. 

1. From the standpoint of time-cost, discovery methods are 
uneconomical and inefficient. 

2. It is extremely difficult to present large amounts of subject 
matter in any systematic fashion through the use of discovery 
methods. Ausubel contends that real understanding of a disci- 
pline by a pupil depends upon his knowledge of its structure 
(the generalizations upon which a field is built and the relation- 
ships among such generalizations). Such understanding is not 
well or readily developed by discovery methods which tend to 
highlight one usually small and isolable element of subject mat- 
ter to the exclusion of others of equal significance. In effect, 
discovery methods are not favorably adapted to the systematic 
presentation of knowledge. 

3. Unstructured manipulative behavior may be unproductive, 
both in the sense of wasting time and adding little if any to the 
pupils’ store of usable knowledge. Ausubel uses the somewhat 
dubious illustration of a pupil immersed in a tubful of water en- 
gaging in a variety of aimless behavior without ever seeing a re- 
lationship between his immersion and the volume of water 
displaced. 

Corman (1957) conducted an experiment with a group of 
senior high school students in which he examined the influence 
of providing different amounts of information about principles 
or methods for solving problems on the success the pupils en- 
joyed. The general hypothesis that Corman tested was that 
guidance in problem solving, to be effective, must be highly re- 
lated to the task. More explicitly he predicted that when the 
criterion is the solution of a problem, guidance about the method 
to use in attaining solution would be of help, and that when the 
criterion is not solution itself, but stating the rule to be used in 
solution, guidance relevant to the rule would facilitate such 
verbalization. 

The task used by Corman was in the form of a puzzle. The 
subjects were confronted with 5 adjacent squares composed of a 
total of 15 matches. By moving only 3 of the matches, they were 
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to reduce the number of squares to 4. Several limitations were 
placed upon the way in which these changes could occur. For 
example, matches could not be stood on end; only 1 match 
could serve as the side of a square, and all the squares were 
to be of the same size, 1 match length. 

Subjects of this experiment were 233 twelfth graders from 
selected suburban New York and New Jersey high schools. The 
total sample was divided into high ability and low ability groups. 
Pupils who scored above the median on a group-administered 
intelligence test were identified as high ability; those who fell 
below the median were designated as low ability. Each subject 
was provided with some information about the method for solv- 
ing the problems and about the rule to use in arriving at solu- 
tions. For the rule or principle, three degrees of information 
were psovided: (1) no information, (2) some information—there 
is a rule which will be of use in solving the problems, and (3) 
much information—every match should be the side of only one 
square, Three similar kinds of information were provided -with 
respect to the method to be used in solving the problems: (1) 
no information, (2) some information—subjects were directed 
to shade certain squares of the test problem, and (3) much in- 
formation—the subjects were told which matches to move and to 
practice these moves. 

A total of nine combinations of guidance were used, varying 
from the case where the subjects were given no information 
about either the principle or the method to the case where 
subjects were given complete information about both rule and 
method. 

The experiment itself consisted of having subjects solve three 
guided problems called the instructional problems. These were 
followed by three simple transfer tasks and five complex transfer 
tasks, Complexity was defined in terms of the similarity of the 
transfer problem to the instruction problem. Thus the simple 
transfer tasks were more similar to the instruction problems, the 
complex tasks were more remote. 

The subjects’ final task was to write the rule they had used 
in solving the problems. 

Corman had hypothesized that pupils of lower and higher 
mental ability would not profit differentially from the several 


46 PROBLEM SOLVING IN THE CLASSROOM 


kinds of guidance, that is, that the type of guidance which was 
helpful to high ability students would also be effective with pu- 
pils of lower mental ability. His results did not support that 
hypothesis. Therefore, it is necessary to consider the results 
separately for the two subsamples. i 

If we consider first the results for the above average pupils, 
we find that information about the rule was of no help in solv- 
ing the instructional problems, that is, when these pupils were 
given no information about the method to use in solving the 
problem, whatever amount of information they were given about 
the rule did not change the frequency with which the instruc- 
tional problems were solved. Pupils who were given some in- 
formation about the method performed more adequately on the 
instructional problems, and, as might be expected from what has 
been stated earlier, the greatest facilitation occurred for pupils 
who were given maximum information about the method. 

For the simple transfer tasks, two combinations yielded re- 
sults superior to the other seven combinations. Pupils did best 
in solving the simple transfer tasks either when they were 
(1) given maximum rule information and intermediate guidance 
about the method or (2) when these conditions were reversed, 


when the pupils were given some information about the rule 
and maximum’ method information. 


For the complex transfer tasks, 
information only about the metho 
about the rule only fared best. At 
difficult to integrate 


and the simple trans 
fer tasks were differ 


those pupils who were given 
d or intermediate information 


p ster, or interference, with 
ve more complex problems, whereas the intermediate condi- 
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ability, the most obvious finding is that information about the 
rule, in any amount, was of no assistance to the pupils in solving 
any of the tasks. The low ability pupils perfonned best when 
they were given either intermediate or maximum amounts of in- 
formation about the specifics of the method to use. 

Corman employed two kinds of dependent variables. The 
first, success in solving three kinds of problems, we have already 
discussed. His other interest lay in observing which of the 
pupils would be most successful in learning the rule. The result 
is straightforward: the more information the pupil had been 
given about the rule, the better he was able to write it. This re- 
sult was significantly different, however, only for the compari- 
son between pupils who were given maximum information 
about the rule and those who were given no information about 
it. Although subjects who had been provided with intermediate 
information did some better than the “no information” group, 
the difference between them was not significant. 

It is possible to place the results of Corman’s investigation in 
a broader context of research results and educational practice. 
Ordinarily, less talented pupils require more direct, concrete ex- 
perience with learning materials than do above average or gifted 
students. Corman’s finding that his low ability pupils performed 
best under the conditions where they were given information 
about the method to use in solving problems, and that no 
amount of information about the rule to apply appreciably al- 
tered the level of their performance, would seem to fit this gen- 
eralization. The more able pupils in Corman’s sample also 
profited from information about method, but for the transfer 
problems, rule guidance, either in combination with infor- 
mation about the method or by itself was equally efficacious. 

Corman’s other findings, that success in learning to write the 
rule was dependent upon the amount of information provided 
about the rule and that success in solving the problems and in 
writing the rule were independent of each other are evidence 
that the two kinds of tasks did not transfer to each other. Car- 
penter (1954) reported similar findings in an experimental study 
of concept learning. His subjects were to learn a functional 
block-sorting concept, that is, they were to learn to place cer- 
tain blocks in one stack, others in a different stack, and so forth, 
based upon certain attributes of the blocks. While most of his 
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subjects learned to do this task, only one fourth of them were 
able to give a verbal statement of the principles they used in 
discriminating one kind of block from another. 
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The Evaluation of Problem- 
Solving Skill: 
A Matter of Transfer 


Orn SCHOOL sysTEMs’ existence depends heavily upon 
assumptions about transfer of training. We assume that what 
children learn in the classroom today will facilitate their learning 
tomorrow or next week. The skills and attitudes learned in the 
early years of the elementary school are fundamental to suc- 
cessful performance in later school years and in adult life. In 
one sense most of the activities of the school are justified be- 
cause what they teach the child is expected to be somehow use- 
ful to him either immediately or in the future. Usefulness is, of 
course, a difficult word to define. Narrowly construed, it can im- 
pose a limited, vocational emphasis upon the purposes of the 
school. Most educators would agree that the usefulness of 
school learning is to be defined in terms of intellectual and 
ae values as well as in terms of what is immediately practi- 
cal. 

The teacher of reading, whether at the elementary or sec- 
ondary school level, is naturally concerned with developing skills 
in word analysis, vocabulary development, and other skills which 
can be thought of as contributing to the mechanics of reading. 
His concern is equally great, however, that pupils learn to in- 
terpret literature, that they understand the differences between 
reporting and editorializing and develop other skills which con- 


tribute to their ability to read critically. The argument is easily 
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made that skill in critical reading is essential for citizens of a 
modern society, and the assumption is made that training in the 
school on such skills will transfer to out-of-school situations. 

In light of the above discussion, our attention is directed T 
two related questions: How does transfer of training occur! 
How should one teach in order to promote transfer? 


GENERAL NATURE OF TRANSFER 


Transfer of training refers to the extent to which something 
learned in the past influences the course of future learning. If 
a student is able to master college algebra more easily after he 


has studied algebra in the secondary school than would be the 
case if he had no earlier traini 


his initial learning transfers 
algebra. Our everyday lives 
with instances of such posit: 
has a relatively good know 
learn Spanish with less diffic 


ctures and with some cognates. In ad- 
ch student has learned some general 


} y of languages, He has previously had 
experience in learning foreign vocabulary, in striving to “think 


in the new language, and so forth, These techniques stand him 
in good stead when he turns his attention to the mastery of a 


grapher who has learned to type on 
have to relearn all her skills when 


~ve Car as opposed to another, Again, there is consid- 
erable positive transfer of 


However, transfer is not alw 


again. The pressure of strokes 


her manual typewriter are now much too hard for the electric 
machine. From time to ti 


typewriter without intendi 
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tive transfer occurs if the position of keys is different. If initial 
learning has taught that the quotation mark is the first key in 
the top row, many trials may be necessary before the typist 
learns its new position. The driver who has for years driven 
an automobile with a manual transmission encounters similar 
negative transfer when he purchases a new car with an auto- 
matic transmission. A period of adaptation is required before his 
left foot stops depressing a clutch that is not there. Or, if he has 
learned to drive in England or Sweden he may have trouble in 
the U.S. 

For many years before the opening of the twentieth century, 
educators and psychologists held views about the nature of trans- 
fer of training that were rather simple and straightforward but 
definite. The purpose in having students study classical languages 
or mathematics was only partly for the sake of the knowledge 
of the study itself. The place of studies in the curriculum was 
justified largely on the basis of their value as “mental disci- 
plines.” 

During the nineteenth century, faculty psychology exerted 
powerful influence on our thinking about education. According 
to faculty psychology the mind was composed of a number of 
specific “faculties” which, when properly trained, were of gen- 
eral use. For example, the study of mathematics was believed 
to improve the faculty of reasoning. Thus, a student gained 
not only a knowledge of mathematics from his study, but im- 
proved his power of ability to reason on any topic where reason- 
ing is important. At the elementary level, pupils were required 
to memorize their textbooks, partly because of the value of their 
maxims, but also because practice in memorizing improved the 
memory faculty; thus, constant practice in memorizing poetry 
left one better able to remember information of any nature. 

Shortly after the turn of the century a series of studies of 
transfer of training were reported which were to occupy the ag 
tention of educational psychologists interested in mental dis- 
cipline and transfer for the next quarter of a century. Thorndike 
and Woodworth (1901) challenged the claims made in the name 
of formal discipline. They undertook an examination of the ef- 
fects of training in one mental function on others. For ex 
one of the tasks they administered to subjects consisted of ex- 
tensive practice in estimating the length of short lines which 


ample, 
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varied within a narrow range. Following such practice, the subj- 
ects were asked to estimate the length of a series of longer 
lines. Thorndike and Woodworth argued that if the powers of 
discrimination were susceptible to general improvement, the 
subjects should do about as well at estimating the longer lines 
without practice in so doing as they had done with the shorter 
lines after much practice. When transfer in this function, to- 
gether with most of the others which they examined, failed to 
occur as predicted, Thorndike and Woodworth pointed out the 
absence of general transfer and began to question the value of 
mental discipline. 

A spate of investigations of this order followed during the 
ensuing years. For the most part they supported the findings of 
the original Woodworth and Thorndike studies, However, vir- 
tually overlooked in these reports was the fact that some transfer 
did, in fact, occur. Sleight (1911), for example, discovered that 
children who had practiced memorizing poetry learned nonsense 
syllables more readily than a control group who had spent the 
earlier period working arithmetic problems which did not de- 
mand memorizing. At the same time, other children who had 
Spent the first period learning the substance of prose materials 
experienced more trouble in memorizing the nonsense syllables 
than the group that had memorized poetry. It appears that what 
led to improved learning of nonsense syllables was not the mere 
fact of having practiced memorizing, but that the mode or tech- 
nique of memorizing poetry is also useful when the task is learn- 
ing nonsense syllables, 


Thorndike conceded that transfer occurs from one task to 
another, but what he disputed was that tr: 


that it occurs automatically, He formulated a theory of transfer 
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Since Thorndike’s day the investigation of the conditions 
conducive to transfer of training has defined a major interest of 
experimental psychologists. Studies of transfer are usually de- 
signed so that the psychologist will be able to infer from his 
results whether the experimental conditions under which his 
subjects learned one task facilitated their learning of another 
task, interfered with learning, or had no effect on the learning of 
another task. Facilitation and interference are simply other 
terms for referring to what we previously called positive and 
negative transfer. 

The psychologist is ordinarily concerned about the sequence 
of events in his investigations of transfer of training. While we 
might usually think of transfer occurring from an initial task to 
one learned later, it is also true that later learning may trans- 
fer to the performance or the recall of the initially learned task. 
Studies of the first kind deal with proaction; those of the sec- 
ond, with retroaction. The psychologist might wonder whether 
vocabulary drill contributes to reading comprehension. To an- 
swer this question, he could select a group of children of the 
age or educational level about which he wishes to be able to 
generalize, test their reading comprehension, then give them 
training for a period of time in activities which he can reasonably 
define as practice or drill in learning vocabulary. After this train- 
ing period the reading of the subjects would be tested again to 
see if any improvement had taken place. If the pupils are better 
able to comprehend the ideas in these passages after the vocabu- 
lary drill than they were before, the inference is drawn that pro- 
active facilitation has resulted from the vocabulary training to 
the ability to comprehend reading material. ; 

The psychologist might be interested in speed of reading as 
well as in pupils’ ability to comprehend meaning. Perhaps he 
has hypothesized that teaching pupils word analysis skills (break- 
ing words into their components as an aid to sounding out new 
or unfamiliar terms) is likely to slow down their reading rate. 
He would begin by selecting a group of pupils with whom to 
experiment and testing their initial reading rates. They would 
then be trained in the new word attack skills, and their rate 
of reading material would be measured again. If the second 
measure of speed was lower than the first, it would suggest that 
retroactive inhibition or interference had occurred, that is, that 
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learning skills to sound out words slows down the pace of read- 
ing. 

The experimental task in transfer designs is known as the 
interpolated activity. For instance, in the first hypothetical study 
described above the drill on vocabulary words is an interpolated 
activity. The interpolated material in the second study is the 
training in word analysis skills. 

Of course, the conduct of experiments in transfer is not as 
simple and straightforward as we have pictured it to be. The 
experimenter would have to be at great pains to relate the type 


nce, to reading comprehension. 
to explain, insofar as he is able 
ord analysis that interferes with 


i for the generalizability of his 
findings imposes great demands on the experimenter for the con- 


and not some other experience 
urrently that results in the gains 
he reports, 
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they have perhaps profited from many sources in the family and 
the community at large which the investigator is unable to 
specify. £ 

Left in its present condition, the experimenter’s finding is 
simply uninterpretable. It may be that all, that some, or that 
none of the September to February gain in comprehension is 
the result of the special training he provided. It is unlikely, but 
not inconceivable, that the vocabulary development program ac- 
tually interfered with the pupils’ ability to comprehend written 
material, and that this decrement had to be overcome by the 
gains accruing from the children’s other experiences in reading 
during the experimental semester. It is to avoid difficulties in 
interpretation of this sort that scientists employ control condi- 
tions or control subjects in experiments. In the present case the 
psychologist would have selected another group of pupils as 
much like his experimental pupils as possible in reading compre- 
hension, in intelligence, and in the kinds of homes and schools 
from which they came. He would, in short, have attempted to 
say that the two groups of pupils resembled each other very 
closely before the experiment, and that during the experimental 
period, except for the training given to the first group, their 
experiences could be expected to be very similar. Whatever dif- 
ferences then resulted in reading comprehension between the 
two groups on the February test of comprehension could more 
reliably be attributed to the special training in vocabulary. 


THE TRANSFER OF PRINCIPLES AND METHODS 


In the first section of this chapter we addressed our attention 
to some of the general considerations about the nature of trans- 
fer. We examined several theories about transfer that have been 
in vogue in education or in psychology for some time during 
the last seventy or so years. We learned that these theories ae 
varied from one which predicted automatic and almost total _ 
transfer from one area of study to another, to one which prom- 
ised very little transfer apart from the elements of one perform- 
ance that are common to another. But to this point we have not 
paid much attention to the fact that transfer of principles and of 
generalized methods or procedures also can occur. > 

Teachers provide instruction in the hope and expectation 
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that what their pupils learn will have applicability to future ae 
ations in which explicit instruction is not available. It is not dif- 
ficult to enumerate examples of such transfer which teachers 
take for granted, not necessarily realizing that they are instances 
of transfer of training. The primary grade child, for example, 
who has learned that the sum of two plus three is identical with 
the sum of three plus two, and that the sum of four plus five is 
equal to the sum of five plus four, will not need to examine 
every possible combination of addends before he is able with 
certainty to add numbers in the order in which they are ar- 
ranged. There is a mathematical rule which governs such opera- 
tions, but the pupil need not be able to state the rule in any 
formal sense to be able to use it. Similarly, the mathematics 
teacher who is at pains to teach his pupils generalized proce- 
dures for attacking and solving word problems in algebra ex- 
pects that such training will apply to a broader range of tasks 
than that with which the training concerns itself, 

The evidence on this question o 
transfer comes from a variety of source 
reckoned by the time in which topi 
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structed and uninstructed groups. Furthermore, the boys were 
throwing darts at a target in a tank of water, which raises some 
serious questions about the accuracy of his findings. Although 
an instructed boy might very well understand where he needed 
to aim his dart in order to strike the target, while an unin- 
structed boy would aim directly at the image of the target in 
the water, random errors associated with differences in motor 
skill and with the unpredictable skidding of the dart as it pene- 
trated the water might have been more influential determinants 
of success than knowledge of the principle itself. 

In 1941 a pair of investigators conducted an interesting at- 
tempt to replicate Judd’s earlier study. Hendrickson and 
Schroeder modified the task so that the boys in their experi- 
ment fired BB’s from an air rifle at a submerged rifle target. 
They had demonstrated that at the distance the boys had to 
shoot, errors in aiming the rifle played a very minor part in 
determining where the pellet struck. Thus, if instruction in the 
principle of refraction does make a difference in where the boys 
expect the target to be, this difference should be reflected in the 
results, 

They employed 90 eighth-grade boys in their experiment, 
thirty each in a control condition, in Experimental Group A, and 
in Experimental Group B. The boys were to fire first at a target 
submerged 6 inches and later at a target which was only 2 inches 
beneath the surface of the water. A record was kept for each 
boy, at each depth, of the number of shots required before he 
hit the target three times in succession. The boys shot from a 
platform raised 18 inches above the floor and from a distance of 
8 feet. The angle of incidence between their line of vision and 
the water's surface was 51 degrees. The apparent displacement 
of the target at 6 inches was 3.11 inches, and at 2 inches, the 
displacement was 1.04 inches. f 

The members of the control group were given no formal in- 
struction except that they were to try to hit the target. Mem- 
bers of Experimental Group A were given an explanation of the 
principle of refraction together with a diagram showing that an 
object beneath the water is not at the place where it appears 
to be. Control Group B subjects were given the same instruction 
as the other experimental subjects, plus the information that the 
deeper the water, the farther the object will be from its image. 
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At a depth of 6 inches, the control subjects required re 
shots to hit the target the required number of times; ee a 
perimental subjects needed more shots than the B su jec A : 
though these differences were in the order predictec z 
Hendrickson and Schroeder, they were not statistically siggi 
cant. Hendrickson and Schroeder argue that their findings for 
the initial trial are different from those reported by Judd, who 
said that knowledge of the principle of refraction was not of on 
sequence for the first series of shots. In the absence of statistica 
significance their interpretation is difficult to accept, despite the 


fact that the order of mean numbers of trials was as they had 
predicted. 
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ects requiring the greatest num- 
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ful data about the transferability of a general principle, it leaves 
unanswered or only partially answered a number of questions 
about transfer in problem solving which are of considerable sig- 
nificance to classroom teachers. At this point we shall try to 
indicate the nature of these questions and sketch some of the 
possible implications for teaching. In the concluding section of 
this chapter we shall return to them as we try to elucidate a se- 
ties of principles germane to teaching for transfer. 

1. The results of the study are ambiguous, which forces any 
clear-cut interpretations of the findings to be tenuous. By ambi- 
guity in this case we have reference to the fact that a reliable 
difference occurred for only one comparison: that between the 
control subjects and the Experimental Group B subjects on the 
transfer task. It seems that knowledge of the general principle 
(supplied to Experimental Group A) was not sufficient to im- 
prove performance markedly over that of the boys who were 
given no special instruction. The addition of an extension of that 
principle (the information that the deeper the water, the more 
distant the object from its image) did yield a significant reduc- 
tion in the trials needed, but only when compared with the per- 
formance of the uninstructed subjects. The added information 
probably yielded more specificity about the demands of the task 
when the depth of the target was changed, since the instructed 
boys could reason that the higher the target was situated in the 
water, the closer the object and image would be. The additional 
information may have played another part. It may have height- 
ened the likelihood that the boys would comprehend and act 
upon the applicability of the principle to the job at hand. If that 
3S so, it may not be the substance of the additional information 
me was instrumental in improving their performance, but the 
— employing the principle would probably yield positive 
pea What did the students learn 
a pbl all the experimental s I 

light refraction. At least they were exposed to an explanation 
of af Although the control subjects did reach the learning cri- 
terion, there is no evidence that they learned the principle as 
well. Corman’s (1957) subjects, in the monograph reviewed in 
the last chapter, were able to state the rule for solving the 


about the general principle? 
ubjects learned the principle 
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problems only if learning the rule was part of their training. oa 
best guess is that the control subjects in Hendrickson an 
Schroeder’s investigation would have considerably less success 
in verbalizing the principle than would members of either of the 
experimental groups. Knowledge of the principle in itself may 
seem to be relatively inconsequential, but it may have an impor- 
tant bearing upon performance when the specifics of the task are 
altered, or when a longer interval of time intrudes between 
initial acquisition of the skill and the transfer test. 

8. Why did the control subjects improve their performance 
on the transfer task? The conditions of this experiment seem to 
have been especially conducive to improvement in performance 
by control members. Although they were given no explicit in- 
struction about where to aim their shots, or the effect of sub- 
mersion upon the bending of light rays, they did receive 
immediate feedback about the adequacy of their performance, 
that is, the subject could see whether his shot struck the target 


or not. This feedback gave him at least some information about 
whether to change his aim 


changed. This 


been less readily avail- 
hroeder’s study, it would 
the improvements regis- 
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FACILITATING TRANSFER OF PROBLEM- 
SOLVING SKILLS 


A persistent problem in the literature on transfer of training 
in problem solving is whether individuals solve new problems 
more easily if they induce the applicable principle for them- 
selves during the training series or are provided with the princi- 
ple while they are learning to apply it. The results of studies 
that have examined such questions frankly are conflicting. 
Some investigators have reported that subjects perform best 
if given the principle; some do best under “discovery” condi- 
tions; othérs report that subjects who were given some assistance 
in discovering the principle solve transfer problems better than 
those who were given no help or those who were given the prin- 
ciple. Part of the conflict seems to stem from the different ways 
in which investigators have defined their experimental variables, 
but some of the difficulty seems to lie also in the logic of the 
interpretation of the findings. A recent paper will illuminate 
these issues and provide us with the background for discussion 
of classroom procedures when the teacher is interested in maxi- 
mizing the ability of his pupils to use a general principle effec- 
tively in solving new problems. A 

Haselrud and Meyer (1958) hypothesized that grea tenipo 
tive transfer would occur if subjects were forced to induce a 
principle for themselves from concrete instances than if they 
were provided with a statement of the principle, which they 
were then to apply. To test this hypothesis they used an experi- 
mental group of seventy-six college students and a control group 
of twenty-four. The experimental subjects worked on two tasks, 
both of which were problems in learning codes. The first task 
consisted of a list of twenty sentences written in English. Each 
sentence was followed by its code translation. Above half the 
code sentences, a statement of the key to the code appeared. 
No such statement was given for the other sentences. The state- 
ments appeared above alternate sentences in the task. The con- 
trol subjects did not work on the first task. R J 

Both groups then attempted the transfer task, which was ad- 
ministered a week after the training series. Again twenty sen- 
tences were given, and each was followed by four possible 
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translations. The subjects were to check the correct translation. 
This study used what we have earlier called a proactive design. 
Since the control group did not have an opportunity to work on 
the first lesson, any difference between their scores and those of 
the experimental subjects could be attributed to the influence 
of the first task. Since the mean score on Test 2 was signifi- 
cantly greater for the experimental subjects than for the control 
subjects, it was concluded that practice in translating English 
sentences into code does transfer to a similar task. 

However, the principal interest of the investigators lay in 
determining whether a difference in transferability occurred be- 
tween the two conditions under which the experimental sub- 
jects had been trained. Four scores were computed for the 


the number of correct translations on 


uestion unanswered, The subjects solved 
more of the code probl 
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fied by asking what question about transfer of a principle is it 
that teachers are likely to want answered. If that question is 
simply “Which method leads to maximum transfer?” the answer 
seems to be: “Any method which allows pupils an opportunity to 
practice using the principle. Whether the pupil is given the prin- 
ciple or forced to induce it during practice makes little dif- 
ference if the criterion is the number of problems he can solve 
onpa transfer test.” On the other hand, if the teacher is also 
interested in the conditions under which pupils are likely to per- 
form in a superior way on the practice material as well as on a 
transfer task, the results seem to favor a method of guided prac- 
tice, since the sentences on Task 1 which provided the principle 
were more frequently solved than those which did not. It may 
very well be, of course, that if the subjects had practiced with 
the unguided sentences until they were as successful as with the 
guided ones, a significant difference in transfer would have re- 
sulted. Unfortunately, Haselrud and Meyer did not design their 
study in a way that sheds much light on this speculation. At any 
rate; the teacher would have to consider whether the additional 
time in training on principle induction would be warranted by 
the possible gain in transfer since, presumably, equal additional 
time spent on practicing the application of the principle would 
also facilitate transfer. 

Teachers usually find that the 
to practice in problem solving is limited. Within this limitation, 
when a method of problem solving is to be learned, how should 
the practice time be distributed with reference to the types of 
problems to be practiced? One might guess that the more dif- 
ferent problems pupils practice which are generically the same, 
the more transferable the method would be to later problem 
solving. Evidence on this point is found in an experimental study 
by Morrisett and Hovland (1959). The investigators predicted 
that subjects would produce better transfer scores if they were 
trained on a limited number of practice problems of different 
kinds than if they trained only on one such problem or on a 
wide range of different problems. They also predicted that sub- 
jects who practiced repeatedly on a single problem would se- 
cure better transfer than those who worked on a broad variety of 
problems. 

With high school students as subjects, 


amount of time to be devoted 


Morrisett and Hovland 


64 PROBLEM SOLVING IN THE CLASSROOM 


trained one group on a single practice problem, another group 
on three problems, and a third group on twenty-four problems. 
It is important to bear in mind that the amount of time was held 
constant across the three experimental groups. Thus, it would 
be expected that the degree of learning would be unequal 
among subjects. As predicted, the subjects trained on three prob- 
lems did best on a transfer test, and those trained on a single 
problem did better than the students who were given multiple 
problem training. 

The interpretation given these results by Morrisett and Hov- 
land seems appropriate and also important in what it has to sug- 
gest about practice in teaching. They argue that when a method 


for solving problems is to be transferred, the method itself must 
be well learned. With limite: 


training tasks. Bar- 
and eighth-grade subjects into control 
- The two groups were matched on the 
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by them in arriving at their solutions. Four additional lessons 
were devoted to abstracting and generalizing from the concrete 
to the general and from the general to the concrete. The final 
four lessons emphasized reading comprehension and the analy- 
sis of behavior. Unfortunately, Barlow does not give us a fuller 
account of his experimental treatment. It is not at all clear what 
kinds of materials the pupils dealt with in learning to general- 
ize from the “concrete to the general and the general to the con- 
crete,” nor do we know what the “analysis of behavior” consisted 
of for Barlow’s subjects. 

When the end test was repeated, following the special train- 
ing, the experimental subjects made higher transfer scores than 
the control subjects, suggesting that the training in reasoning did 
facilitate the pupils’ ability to handle problem situations about 
which they had received no particular instruction. 

There is another aspect of Barlow's study that is commenda- 
tory because of its effort to look at a practical consequence of 
training for transfer and also because similar data are so 
infrequently reported in educational investigations. Barlow re- 
examined his seventh- and eighth-grade subjects one year follow- 
ing the initial training. After a year, no differences existed 
between those who had been experimental and those who had 
been control subjects. The year-end scores of both groups are 
only slightly higher than the test scores of the experimental 
group immediately after its special lessons. Barlow explains these 
results by suggesting that the experimental subjects suffered a 
decrement attributable to forgetting the material introduced in 
the reasoning lessons, which was more than compensated for by 
the processes of maturation. The total gain made by control sub- 
jects is, according to Barlow, a function of maturation (plus their 
greater experience in reasoning during the elapsed year). Bar- 
low also argues that the control subjects made no greater gains 
in reasoning in a year than were made by the experimental 
group as the result of two weeks of special training. His data 
seem to support this conclusion, although it is patently Impos 
ble to support the implication of his conclusion, which is that a 
year was required for the differences to disappear. At any rate, 
his contention that general training in reasoning does transfer, 
and substantially, to specific problems in reasoning, seems well 


supported. 
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Principles for Promoting 
Problem-Solving Behavior 
in the Classroom 


Fou TIME TO TIME in the preceding pages we have 
observed a classroom teacher in action or we have tried to point 
out implications of research on problem solving for the practice 
of teaching. In this final, summary chapter our goal is to examine 
more specifically the behavior of a teacher as she goes about her 
daily activities in the classroom. Of course, not all of this teach- 
ers time and energy are devoted to promoting problem-solving 
skills, but we shall direct our attention to those aspects of her 
behavior which are pertinent to our previous discussion. 

Miss Young is a fifth-grade teacher in a middle-class neigh- - 
borhood of a large, urban school district. She graduated from 
college ten years ago and has been teaching in the same school 
ever since, She reports that she has never seriously considered 
finding a different teaching position since her own philosophy of 
teaching and that which governs the school in which she works 
are highly compatible with each other. The school’s curriculum 
directives stress the integration of subject matter and the devel- 
opment of the pupils’ intellectual independence. In the class- 
room, these directives tend to be implemented by the use of 
individual and group projects, correlation between subjects 
(such as the social studies and the language arts), and a great 
deal of what the teacher and the pupils refer to rather loosely as 
“research.” Research, in this context, typically means use by the 
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pupils of basic and supplementary texts, reference books, and 
- books drawn from the school’s well-stocked library to collect 
data on a problem currently being investigated by the pupils. 
The school does not place heavy emphasis upon mastery of 
factual subject-matter content by the pupils. Such mastery is 
presumed to be a natural by-product of the teaching procedures 
employed by the faculty. The results of standardized achieve- 
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it on westward expansion. This unit has 
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been preceded by several others dealing with exploration, colo- 
nization, and the early years of independence. The unit activity 
begins with the teacher's solicitation from the pupils of questions 
they wish to answer or information they want to acquire about 
this general phase of American history. The pupils raise many 
and varied questions. Miss Young is at the chalkboard at the 
front of the room, and she jots down a key word or phrase to 
signify each question. The teacher has a difficult task to per- 
form at this point. Because she knows that problem-solving 
behavior is goal-oriented, she is aware of the importance of hav- 
ing pupils undertake activities of some significance and interest 
to them. She is also concerned that each pupil feels his contribu- 
tion is welcomed and respected. On the other hand, Miss Young 
regards her obligation to monitor pupils’ problems as a critical 
part of her role. From time to time she challenges one of the 
pupils’ questions. This is typically accomplished by telling the 
pupil frankly that she does not understand what he has in mind, 
or that she does not see how that question will fit into the unit 
activity. If the pupil is prepared to explain his interest in the 
question and can demonstrate its relationship to some broader 
aspect of the study, Miss Young accepts the question. Other- 
wise, the pupil is asked to reconsider it and place it in an altered 
context. These exchanges between teacher and pupil are con- 
ducted carefully, in an effort to communicate to the pupil that 
he is being neither rejected nor censured. Miss Young's attitude 
is consistently one which asks: “Is this really sufficiently impor- 
tant for you to devote your time and effort to?” 

Later on, the questions assembled by the pupils and the 
teacher will be organized into a study outline, and general top- 
ics will be assigned either to individuals or to small groups of 


pupils. As a result of the teacher's careful planning described 
above, the problems that the pupils are now involved with are 
d considerable reading, 


sufficiently broad in scope to deman 
thinking, note-taking, organizing, and synthesizing on the part 
of the pupils. Because Miss Young regards the development of 
such skills as a serious educational activity, she provides for it 
in a number of ways. Flexible deadlines are set early for the 
completion of the pupils’ projects, and they are set far enough 
in advance that the pupils have time to complete their work in- 
telligently. They are not pushed to the extent that they have to 
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resort to such artifices as copying material directly from refer- 
ence books or stringing together a series of unarticulated pas- 
sages to give the impression of a finished report. Miss Young's 
interest is in the substance of the pupils’ studies, not in their form. 

Toward the close of each working period, Miss Young and 
the class routinely discuss the progress being made by the vari- 
ous committees and individuals. This procedure enables the 
teacher not only to retain an informal record of the groups’ prog- 
ress, but to pinpoint pupils who are having difficulty. These dis- 
Cussion sessions are used for sha: 
reviewin 
difficulti 
techniques the 
the members of 


tries to focus them upon the develop- 
ment of generalizations about problem-solving behavior which 
will be of use to the pupils in the future as well as in the 
present, 
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unit. On other days, the period is devoted to individual or 
group study. At these times, Miss Young’s function is principally 
one of counseling with individuals about their work. She may 
suggest various ways of getting started to one pupil who is 
stymied or recommend additional references to another pupil 
whose sources of information seem to be limited. Sometimes she 
may sit with one group of pupils for an extended period as they 
plan a division of labor and work out procedures for achieving 
their group goals. It may not be apparent, but all of these guid- 
ing and planning activities engaged in by the teacher make vir- 
tually endless demands upon her store of knowledge, creativity, 
and ability to work effectively with pupils. 

At the beginning of this book we described the problem- 
solving, process and indicated some of the implications for the 
teacher who would help his students develop problem-solving 
skills. Miss Young’s behavior, as we have portrayed it thus far, 
illustrates these implications. She is aware that pupils must help 
to determine and define the activities they are going to pursue if 
these activities are to capture the serious interest and energy of 
the learners. Obviously, however, children’s interests are often 
fleeting and capricious. Miss Young recognizes her responsibility 
to the pupils and to the school to build into her planning as 
many assurances as possible that the problems to be solved by 
the pupils make a significant contribution to their intellectual 
development, including, in this case, their knowledge and un- 
derstanding of one important aspect of American history. Fac- 
tors such as the amount of time available for the study, the 
abilities of individual pupils, and the resources of the classroom, 
the school, and the community also play an important part in 
the teacher's decisions. Miss Young's consistent attention to the 
work of the individuals in the classroom group enables her to 
channel and guide their growth in problem-solving skills. This 
procedure allows her to engage the pupil in private or semipri- 
vate discussions about his work. Much in the manner of Bloom 
and Broder’s tactics for diagnosing the problem-solving processes 
of successful and unsuccessful college students, Miss Young i 
in a position to help the pupil determine his own strengths E 
weaknesses, to find what is good about his proposed course 0 
action and where the flaws in his reasoning lie. 
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In Chapter 3 we reviewed some of the psychological litera- 
ture pertaining to the effects of group functioning upon individ- 
ual responses in problem solving. One of the most pervasive 
findings in this literature is that the group environment plays a 
significant role in influencing the behavior of individuals. The 
reader may recall Asch’s experiment with the modification of the 
judgments of individuals confronted by a unanimous but incor- 
rect majority judgment, or the influence upon ultimate indi- 
vidual solutions to problems when minority opinions are given a 
careful hearing, as reported by Maier. Although we do not have 
firm data to demonstrate the applicability of such principles to 
the functioning of classroom groups, there seems little reason to 
doubt their applicability. Classrooms, because of their essentially 
public nature, would appear to be an obvious arena for the oc- 
currence of such phenomena. 


Miss Young is quite sensitive to such issues as this one. In 
conducting classroom discussions, 
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problems. The implications of these findings for the classroom 
seem to reside in emphasizing varied attacks upon problems. 
Ackerman and Levin, for example, discovered that pupils who 
were taught two possible methods for solving the Luchins water 
jar problems varied their attacks more systematically than the 
control subjects who were given but a single method for solving 
the problems, and they also persisted longer in attempting to 
solve the problems. Although it is unfortunately true that the ex- 
perimental subjects did not solve significantly more problems 
correctly than the control subjects, the aforementioned results 
appear to be of considerable importance for the classroom 
teacher since the key to ultimately solving many problems may 
lie precisely in the area of continuing and varying one’s efforts 
to crack an apparently unyielding problem. 

Three characteristics of Miss Young’s classroom exemplify 
these findings. First, the classroom résumés we mentioned ear- 
lier are intended to bring to the attention of the pupils various 
means for collecting and organizing data, for testing trial solu- 
tions or conclusions, many of which may not occur to the indi- 
vidual pupil for whom one or more suggestions will prove 
extremely useful. Second, as we described Miss Young's strategy 
in designing the unit of study, one point we touched on was 
the matter of deadlines for completing pupil projects. As indi- 
cated at that time, these deadlines are set early, so that each 
pupil knows how much time he has available and can plan to 
use his time as wisely as possible; but the deadlines are also 
flexible. Thus, the pupil who encounters early difficulty with his 
problems is not placed in the position of having to persevere 
with an unviable or unintelligent plan of operation simply iboi 
der to have a product when the final bell rings. Time is of im- 
portance in Miss Young’s scheme of things, as it must be for any 
teacher, but it occupies a lower priority than the opportunity n 
the pupil to create his best solution to his problems. Finally, a = 
ure of preliminary efforts is not regarded as a disgrace by t G 
teacher nor, consequently, by the pupils. Instead, initial failures 
represent experiences from which the pupil can abstract the ra 
sons for his lack of success, using this learning as a basis for 
designing a potentially more productive line of attack. : 

A final word about classroom problem solving. The Miss 
Young of our illustration seems aptly to demonstrate many of 
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the principles of problem solving developed through the first 
five chapters. It is true that she teaches in a situation that offers 
almost optimal conditions for the development of problem solv- 
ing in the classroom. The pupils with whom she works possess 
superior intellectual ability; they come from homes that share 
with the teacher and the school more generally a variety of 
values, interests, and attitudes concerning knowledge. The 
teacher who works with pupils of lesser endowment may be in- 
clined to feel that his major energy must be devoted to teaching 
pupils the basic rudiments of the several disciplines. But such a 
position seems to introduce an unwarranted dichotomy between 
knowledge and the intellectual skills. It is undeniable that one 
cannot think without relevant facts and information at his com- 
mand. But of what use are the basic skills and knowledge unless 


Pey can be applied by the learner in the solution of his prob- 
ems? 
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